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Abstract 
 
This thesis is divided into three chapters. In the first, the methods currently available for the synthesis of 
phenols from acyclic precursors are reviewed. The review concentrates on methods that have been used 
to form a range of phenols and is divided up according to the type of chemistry employed. The second 
chapter describes the development of a novel route to phenols. Initial optimisation results are described 
first, followed by the synthesis of a library of phenols. The majority of these have not been reported 
previously. The attempted extension of this work to the formation of anilines, nitrobenzenes and more 
highly oxygenated aromatics is also presented. Finally, work towards the synthesis of the aglycone of 
pseudopterosin A is described, following a route that would utilise the phenol-forming chemistry in a 
more complex natural product environment. The final section details the experimental procedures used 
to form the compounds described in section two, along with associated spectroscopic data. 
 
 
 
 
 
 
 
 
 
 
 
 
 
3 
 
Acknowledgements 
 
Firstly I would like to thank Prof. Craig for this opportunity and his guidance over the past few years. I 
would also like to thank Dr Juliet Simpson of GSK for her helpful input and guidance, particularly during 
my industrial placement. My valued colleagues in the Thorpe lab Henrik, Fred, Simon, Kiyo, Alex, 
Marcus, Barn and 5th year guy deserve great thanks for both their advice and friendship during the long 
days in the lab (especially Thursdays). I am grateful for the efforts of my proofreaders Alex, Yunas, Kiyo, 
Sophie, Jasprit and Pengfei and for Don’s helpful corrections. Alice, Nige and especially Federica also 
deserve my thanks. 
“Though I love you all, I cannot embrace you all. 
Goodbye my soldiers, goodbye my sons, goodbye my children” 
       -Rod Steiger (Waterloo 1970)   
 
Finally I would like to thank my former housemates, Christiana, Sofia and Nouka for putting up with me 
for so many years and my family for supporting me during my long years at Imperial College. 
Upper Tier, Major Confusion and Controller. Controller 
must be thanked among others too numerous to mention for their fantastic music. 
 
4 
 
Contents 
 
Abstract ......................................................................................................................................................... 2 
Acknowledgements ....................................................................................................................................... 3 
Abbreviations ................................................................................................................................................ 8 
Stereochemical Notation ............................................................................................................................ 13 
1. Review: The Synthesis of Phenols from Acyclic Precursors ............................ 14 
1.1. The History of Phenol ....................................................................................................................... 14 
1.2. Industrial-Scale Synthesis of Phenol ................................................................................................ 15 
1.3. Biosynthesis of Phenols ................................................................................................................... 16 
1.4. Uses of Phenols ................................................................................................................................ 17 
1.5. Traditional Substituted Phenol Synthesis ........................................................................................ 18 
1.6. Formation of Phenols from Acyclic Precursors ................................................................................ 19 
1.6.1. Dehydrogenation or Oxidation of Cyclic Compounds ............................................................... 19 
1.6.2. Phenols from Dienones or p-Benzoquinones ............................................................................. 20 
1.7. Ionic Methods .................................................................................................................................. 21 
1.7.1. [3+3] Methods ........................................................................................................................... 21 
1.7.2. [4+2] Methods- Robinson Annelation ....................................................................................... 28 
1.7.3. 1,5-Diketones ............................................................................................................................ 30 
1.7.4. Polyketides ................................................................................................................................ 32 
1.7.5. Other Ionic Phenol-forming Methods ....................................................................................... 33 
1.8. Pericyclic Methods ........................................................................................................................... 34 
1.8.1. Ketene Methods ........................................................................................................................ 34 
1.8.2. Generation of Vinyl Ketenes from Cyclobutenones ................................................................... 35 
5 
 
1.8.3. Other Methods of Vinyl Ketene Formation ............................................................................... 39 
1.8.4. Cyclopropenes ........................................................................................................................... 40 
1.8.5. Diels–Alder Methods ................................................................................................................. 44 
1.8.6. Furans ........................................................................................................................................ 44 
1.8.7. 2-Pyrones .................................................................................................................................. 45 
1.8.8. Cyclopentadienes ...................................................................................................................... 46 
1.8.9. Enyne–diyne Cycloadditions ...................................................................................................... 46 
1.8.10. Enynones ................................................................................................................................. 48 
1.8.11. Allenes ..................................................................................................................................... 49 
1.8.12. Pauson–Khand ........................................................................................................................ 49 
1.8.13. Ring-closing Metathesis .......................................................................................................... 50 
1.9. Other Methods ................................................................................................................................. 51 
1.10. Summary ........................................................................................................................................ 53 
2. Results and Discussion .................................................................................. 54 
2.1 Prior Work Within the Group ............................................................................................................ 54 
2.2. Trial Phenol-forming Reaction ......................................................................................................... 59 
2.2.1. Formation of a Test 1,5-Diketone ............................................................................................. 59 
2.2.2. Phenol Formation ...................................................................................................................... 64 
2.2.2.1. Base-promoted Aldol.......................................................................................................... 64 
2.2.2.2. Acid-promoted Aldol .......................................................................................................... 69 
2.2.3. Scale-up of the Phenol-forming Reaction .................................................................................. 71 
2.3. Phenol Library Synthesis .................................................................................................................. 72 
2.3.1. Synthesis of Allylic Carbonates .................................................................................................. 74 
2.3.2. Allylations .................................................................................................................................. 82 
2.3.2.1. One-pot 0-1-2 ..................................................................................................................... 83 
6 
 
2.3.2.2. Allylations 0-2..................................................................................................................... 84 
2.3.2.3. Allylations 0-1..................................................................................................................... 84 
2.3.2.4. Allylations 1-2..................................................................................................................... 86 
2.3.3. Oxidative Cleavage to 1,5-Dicarbonyls ..................................................................................... 87 
2.3.4. Phenol Formation ...................................................................................................................... 89 
2.3.4.1. Unambiguous Cyclisations ................................................................................................. 89 
2.3.4.2. Ambiguous Cyclisations ...................................................................................................... 92 
2.3.5. Phenol Library Conclusions ........................................................................................................ 95 
2.4. Keto-aldehydes ................................................................................................................................ 96 
2.5. Keto-esters ....................................................................................................................................... 96 
2.6. Introduction of Further Substituents ............................................................................................... 99 
2.7. Decarboxylation and Alkylation ..................................................................................................... 102 
2.8. Removal of Substituents ................................................................................................................ 105 
2.9. Anilines ........................................................................................................................................... 109 
2.10. Nitrobenzenes .............................................................................................................................. 110 
2.11. Pyridines ....................................................................................................................................... 111 
2.12. Conclusions .................................................................................................................................. 113 
2.13. Towards the Synthesis of Pseudopterosin Aglycone 382 ............................................................ 114 
2.13.1. Background ........................................................................................................................... 114 
2.13.2 Previous Work ........................................................................................................................ 115 
2.13.3. Retrosynthesis ....................................................................................................................... 128 
2.13.3.1. Proposed Formation of Allylic Alcohols 460 and 461 ..................................................... 130 
2.13.4. Formation of Electrophile 467 ............................................................................................... 131 
2.13.5. Nucleophile Synthesis and Alkylation .................................................................................... 140 
2.13.6. Conclusion ............................................................................................................................. 148 
7 
 
2.13.7. Future Work .......................................................................................................................... 150 
3. Experimental ............................................................................................... 152 
3.1. General Experimental Procedures ................................................................................................. 152 
3.2. Trial Phenol Forming Reaction ....................................................................................................... 153 
3.3. Synthesis of Allylic Carbonates ...................................................................................................... 157 
3.4. Allylations ....................................................................................................................................... 167 
3.4.1. One-pot 0-1-2 .......................................................................................................................... 167 
3.4.2. Allylation 0-2 ........................................................................................................................... 168 
3.4.3. Allylation 0-1 ........................................................................................................................... 172 
3.4.4 Allylation 1-2 ............................................................................................................................ 176 
3.5. Oxidative Cleavage to Form 1,5-Dicarbonyls ................................................................................. 186 
3.6. Unambiguous Cyclisations ............................................................................................................. 198 
3.7. Ambiguous Cyclisations ................................................................................................................. 203 
3.8. Miscellaneous Extensions to the Phenol Forming Methodology .................................................. 210 
3.9. Electrophile 467 Synthesis ............................................................................................................. 227 
3.10. Nucleophile Synthesis and Coupling ............................................................................................ 237 
4. References and Notes ................................................................................. 248 
8 
 
Abbreviations 
 
Ac  acetyl 
app.  apparent 
Bn  benzyl 
Boc  tert-butoxycarbonyl 
bp  boiling point 
br  broad  
Bu  butyl  
BSA  bis(trimethylsilyl)acetamide 
CAL-B  Candida antarctica lipase B 
CAN  ceric ammonium nitrate (NH4)2Ce(NO3)6 
cat.  catalyst or catalytic 
CI  chemical ionisation 
cy  cyclohexyl 
d  doublet 
dba  dibenzylideneacetone 
DBU  1,8-diazobicyclo[5.4.0]undec-7-ene 
dCr  decarboxylative Claisen rearrangement 
DDQ  2,3-dichloro-5,6-dicyanobenzoquinone 
DHP  3,4-dihydro-2H-pyran 
DIAD  diisopropyl azodicarboxylate 
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DIBAL-H diisobutylaluminium hydride 
DMAP  4-dimethylaminopyridine 
DME  dimethoxyethane 
DMP  Dess–Martin periodinane 
DMS  dimethysulfide 
DMSO  dimethylsulfoxide 
DMF  N,N-dimethylformamide 
DMPU  1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-pyrimidinone 
equiv  equivalents 
ESI  electrospray ionisation 
Et  ethyl 
FAB  fast atom bombardement 
GC  gas chromatography 
Grubbs II benzylidene[1,3-bis(2,4,6-trimethylphenyl)-2-
imidazolidinylidene]dichloro(tricyclohexylphosphine)ruthenium 
h  hours 
Heptyl  n-C7H15 
HLAD  horse liver alcohol dehydrogenase 
HMPA  hexamethylphosphoramide 
HMPT  hexamethylphosphorous triamide 
KHMDS  potassium hexamethyldisilazide 
LDA  lithium diisopropylamine 
LHMDS  lithium hexamethyldisilazide 
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lit.  literature value 
m  multiplet 
M  molecular ion or unspecified metal (depending on context) 
mcpba  meta-chloroperoxybenzoic acid 
Me  methyl  
min  minutes 
mp  melting point 
Ms  methanesulfonyl 
MS  mass spectrum or molecular sieves (depending on context) 
MW  microwave irradiation 
NBS  N-bromo succinimide 
Neopentyl -CH2C(CH3)3 
NMO  N-methylmorpholine-N-oxide 
NMR  nuclear magnetic resonance 
Nonyl  n-C9H19 
Octyl  n-C8H17 
o/n  overnight 
P  phosphorous or unspecified protecting group (depending on context) 
PCC  pyridinium chlorochromate 
PDC  pyridinium dichromate 
Ph  phenyl 
piv  -C(O)C(CH3)3 
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PLE  pig liver esterase 
PMB  para-methoxybenzyl 
PMP  para-methoxyphenyl 
PNBz  para-nitrobenzoyl 
ppm  parts per million 
PPTS  pyridinium para-toluenesulfonate 
Pr  propyl 
PTSA  para-toluenesulfonic acid 
q  quartet 
RCM  ring-closing metathesis 
Rf  retention factor 
rt  room temperature 
s  singlet or seconds (depending on context) 
sia  1,2-dimethylpropyl 
SM  starting material 
t  triplet  
TBAF  tetrabutylammonium fluoride 
TBDMS  tert-butyldimethylsilyl 
TBDPS  tert-butyldiphenylsilyl 
TEMPO  2,2,6,6-tetramethylpiperidine-1-oxyl 
Tf  trifluoromethanesulfonate 
TFA  trifluoroacetic acid 
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TFAA  trifluoroacetic anhydride 
THF  tetrahydrofuran 
TLC  thin layer chromatography 
TMS  trimethylsilyl 
Tol  para-tolyl 
Ts  para-toluenesulfonyl 
X  unspecified leaving group 
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Stereochemical Notation 
 
Throughout this report the Maehr convention1 has been adopted for the representation of 
stereochemical information. Thus broken and solid lines represent relative stereochemistry, whilst solid 
and broken wedges represent absolute stereochemistry. In the latter case, narrowing of the wedge 
represents increasing distance from the reader.  
 
 
 
14 
 
1. Review: The Synthesis of Phenols from Acyclic Precursors 
 
This section reviews methods available for the formation of phenols from acyclic precursors. This review 
is not intended to be exhaustive, and instead concentrates on methods that have been used to form a 
range of phenols, rather than those that were used to form individual natural products. A previous 
review,2 in 1986, covered the synthesis of aromatics (including phenols) from acyclic precursors and 
therefore greater emphasis will be placed on more recently reported work. In this review the term 
acyclic refers to the phenol ring only, so this review will cover annulations to make bicyclic phenols. 
Heterocycles such as furans will be treated as internally protected acyclics.  
1.1. The History of Phenol 
 
Phenolic compounds are widespread in nature. Phenol itself has been isolated from natural sources such 
as pine needles and tobacco oil.3 Phenol was first isolated (in 1834) from coal tar by Friedlieb Ferdinand 
Runge (1795-1867), who named it carbolic acid. The term phenol was first applied by Charles-Frédéric 
Gerhardt (1816-1856) in 1842.4 Phenol was first synthesised from diazonium salts in 1849 by Hunt.5 
Then, in 1867, Kekule formed phenol from benzene sulfonic acid.3 Its preservative and disinfectant 
properties were quickly exploited, in particular by Frederick Calvert (1819-1873).6 His research came to 
the attention of Joseph Lister (1827-1912) who pioneered the use of phenol-soaked dressings in surgery, 
saving many lives that previously would have been lost through infection.6 However, for many years its 
major use was as a feedstock for the synthesis of picric acid 1, which was used in artillery shells until the 
advent of high explosives. The wars of the late 19th century made phenol an important strategic 
resource, resulting in its industrial-scale production. Other important uses of phenol were as a feedstock 
for aspirin 2 synthesis (commercialised by Bayer in 1899),7 the world’s first synthetic pharmaceutical and 
for Bakelite 3 manufacture (representative structure shown [Figure 1]), the world’s first commercially 
successful synthetic plastic (Invented by Leo Baekeland in 1907).8  
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Figure 1- Some historically important phenols 
1.2. Industrial-Scale Synthesis of Phenol 
 
The industrial-scale manufacture of phenol has been performed by a variety of routes. Benzene can be 
chlorinated or sulfonated in excellent yields and the products then reacted with water or sodium 
hydroxide to give phenol.9 These processes have the drawback of operating only at high temperatures 
and/or pressures. Other routes start from toluene10 or cyclohexane.11 The major route in use today is 
the cumene process (Scheme 1).12 This route has the advantage of providing a useful by-product, 
acetone, the sale of which makes the whole process commercially viable. Benzene is first reacted with 
propene under Friedel–Crafts conditions forming cumene 4. This is then oxidised by oxygen, in the 
presence of hydroxide, to its hydroperoxide 5. In the presence of acid this then rearranges, by a 1, 2-
shift, to give an oxonium ion, the hydrolysis of which gives a mixture of phenol and acetone which can 
be separated by distillation. 
 
Scheme 1- The cumene process 
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The most efficient method of phenol formation would be the direct oxidation of benzene with air. 
Recent research has isolated phenol formed by oxidation of benzene with air,13 but the results are so far 
not suitable for commercialisation. Phenol has also been formed from sodium bicarbonate over an iron 
catalyst (using hydrothermal conditions [200 °C, 1.8 MPa pressure in water, 1.8% yield]).14  
1.3. Biosynthesis of Phenols 
 
The biosynthesis of phenols has received a great deal of attention. There are two major routes for the 
synthesis of aromatic compounds in vivo: from either shikimic acid 6,15 or acetate via polyketides (such 
as 7, Scheme 3). For example, oxidation of shikimic acid 6 can result in the formation of gallic acid 8 
(Scheme 2).16 Polyketide 7 can give rise to multiple products by ring-closure either by aldol or C-
acylation, giving for example pinosylvin 9 and flavanoid derivative 10 respectively (Scheme 3).17 
CO2H
OH
OH
HO
CO2H
OH
OH
O
CO2H
HO
OH
OH
6 8  
Scheme 2- The biosynthesis of gallic acid 
O O O
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C-acylation
CO2H
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HO -CO2
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OHHO
O
O
O
Ph
OH
HO
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9
Scheme 3- Regiochemical outcomes from polyketide biosynthesis 
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Phenols are formed from shikimic acid 6 by a variety of other routes, which can retain the original 
hydroxy groups, add new ones or a combination of both. Many of the phenols derived from shikimate 
have adjacent oxygenated functionality, whereas those derived from acetate more commonly have 
oxygenation at alternate carbon atoms (coming directly from the acetate starting material).  
1.4. Uses of Phenols 
 
In addition to the previously mentioned historical uses, the current major uses of phenol include: the 
preparation of various polymers such as phenol formaldehyde resins (e.g. Bakelite 3) and 
polycaprolactam (it can be used to form the monomer) and bis-phenol A manufacture (used as an anti-
oxidant and plasticiser in many polymers, as well as a monomer for polycarbonate synthesis). More 
complex substituted phenols are found in a huge variety of products, such as pharmaceuticals, 
agrochemicals and dyes (both natural and synthetic phenols have or have had use in these areas [Figure 
2]).  
O
O
OH
OH
Alizarin: a red dye isolated
from the root of the madder
plant.
N
H
HO
O
HO
Morphine: a phenol containing
pharmacologically active natural product.
2,4-Dichlorophenoxyacetic acid:
a herbicide.
O
Cl Cl
OMe
OMe
S
CO2H
2C-T-4: a synthetic
psychedelic compound.
NH2
 
Figure 2- Some natural and synthetic phenols and phenol ethers 
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1.5. Traditional Substituted Phenol Synthesis 
 
Traditional methods of substituted phenol synthesis rely on more than 100 years of electrophilic and 
nucleophilic substitution chemistry. More recently other methods have been added to the synthetic 
chemist’s arsenal, such as directed metallation and catalytic cross coupling reactions. However, with all 
of these tools available, functionalisation of aromatics still often involves long, linear reaction 
sequences. These can be sensitive to the directing effects of substituents, which can result in difficult to 
separate mixtures of ortho/meta/para isomers. In the case of phenols the hydroxyl group often requires 
protection and then subsequent deprotection steps to be added to the sequence. In order to make a 
range of substituted phenols it is often necessary to use completely different chemistry. This means that 
the synthesis of large numbers of all but the most similar compounds is hard to achieve in parallel.  
The addition of a hydroxyl group to a pre-formed arene is another method of synthesising phenols (in 
this case of course there is still the issue of adding in the other substituents regioselectively). There are 
numerous methods for hydroxylation of arenes. The reactions however generally require harsh 
conditions or multiple steps. Aryl halides can be converted to the corresponding phenols via direct 
reaction with sodium hydroxide solution; however this requires both high temperatures and pressures 
(Scheme 4).18 
Cl OH
High temperature
High Pressure
NaOH
 
Scheme 4- Phenol formation from arylchlorides 
The rate of the reaction is very dependent on the electronics of the system, with electron rich aromatics 
being essentially inert to these conditions. Milder conditions can be used if the hydroxide attacks an aryl 
diazonium salt, but these need to be formed with the inevitable introduction of extra synthetic steps 
and are also potentially explosive. More recently, metal catalysed routes have been found that allow 
somewhat milder conditions to be used.19 Aryl boronic esters can be converted to the corresponding 
phenols using hydrogen peroxide, or converted to a symmetrical diaryl ether by adding amine base and 
Cu(OAc)2 in addition.
20 Transition metal-catalysed aromatic C-H activation followed by borylation and 
19 
 
oxidation can be used to form phenols in one-pot from an aromatic C-H bond.21 A further method is the 
Baeyer–Villager oxidation of aromatic aldehydes, which gives phenols after hydrolysis.22 
1.6. Formation of Phenols from Acyclic Precursors 
 
The use of acyclic precursors to form phenols can circumvent many of the traditional problems of 
aromatic substitution. The acyclic precursors can be prepared with the regiochemistry set prior to the 
cyclisation step (which in many cases can be regiospecific). The substrates are often prepared from a 
number of small molecules allowing for a more convergent route to highly substituted phenols. The long 
linear sequences of reactions with ortho/meta/para mixtures, often found by traditional methods, can 
be eliminated as well. Another advantage is the relatively easy variation of the substituents, often using 
identical chemistry, giving easier access to compound libraries. The introduction of NMR-active or 
radioactive nuclei (such as 13C or 14C) can also be achieved directly into the carbocyclic ring, which could 
be useful particularly for metabolic studies on pharmacologically active compounds. 
The methods of phenol formation described below are divided into categories of similar reactivity to 
form the phenolic ring, starting with a brief overview of some methods that are outside the scope of this 
review.  
1.6.1. Dehydrogenation or Oxidation of Cyclic Compounds 
 
A variety of six-membered rings can be dehydrogenated or oxidised to give phenols, for example 
cyclohexenone 11 can be reacted with phenylselenyl chloride, the product 12 when oxidised eliminates 
to give phenol (Scheme 5).23 Alternatively 2,6-diaryl cyclohexanones (for example 13) can be 
dehydrogenated with palladium on carbon to give the corresponding phenols (14 [Scheme 6]).24 
 
Scheme 5- An example of phenol formation by oxidation 
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Scheme 6- An example of phenol formation by dehydrogenation 
The starting materials in both of these cases could be made from acyclic precursors.  
1.6.2. Phenols from Dienones or p-Benzoquinones 
 
Both dienones (such as 15) and p-benzoquinone 16 have been transformed into phenols. The dienone-
phenol rearrangement has been reviewed elsewhere.25 As an example, dienone 15 upon irradiation (at 
366 nm in benzene) gave the corresponding phenol 17 in 87% yield (as a single isomer [Scheme 7]).26 
Reaction of p-benzoquinone 16 with two equivalents of an alkyllithium, followed by dehydration and 
migration under acidic conditions, has been shown to give 2,4-dialkyl phenols 18 (Scheme 8).27 
 
Scheme 7- An example of the dienone phenol rearrangement 
O
O
RLi
then dil. H2SO4
OH
R
R
16 18  
Scheme 8- Formation of phenols from benzoquinone 
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1.7. Ionic Methods 
 
The first section of this review will cover methods utilising the combination of one or more molecules by 
ionic methods (usually aldol reactions). 
1.7.1. [3+3] Methods 
 
The methods of phenol synthesis in this review are divided into sections based on the ring-forming 
strategy, where possible. These methods can be classified by the number of carbon atoms in the final 
phenol ring that derive from each starting material. For [3+3] methods three carbons derive from each 
of the two precursors. The majority of these methods utilise the combination of a bis-nucleophile, often 
the two α-positions of a ketone, with a 1,3-bis-electrophile. The earliest work dates back to the late 19th 
century when 2-nitromalondialdehyde 19 and acetone were combined giving 4-nitro-substituted phenol 
20 (Scheme 9).28   
O
NO2
O
O
NO2
OH
19 20
Base
 
Scheme 9- An early phenol synthesis 
Excellent yields could be obtained when the malondialdehyde contained an electron-withdrawing 
group. However, the addition of a 4-nitro group in particular could have been performed using 
electrophilic aromatic substitution chemistry on phenol and subsequently would have directed 
alkylation at the 2- and 6-positions, making these products generally easy to obtain direct from phenol. 
Two limitations of this method are that malondialdehydes are generally unstable and that no 
substituents can be introduced at the 3- and 5-positions of the phenol ring (Scheme 10). 
22 
 
 
 
Scheme 10- Phenol formation from malondialdehydes 
The first of these can be resolved to some extent by the use of β-dialdehyde equivalents such as 
pyrimidines (such as 2129 and 2230[Figure 3]) or α,β-unsaturated aldehydes with a β-leaving-group. In 
order to obtain substituents in the 3- and/ or 5-positions, β-diketones (or ketoaldehydes) can be used 
rather than the dialdehydes. These are also easier to handle, although yields tend to be lower. When 
unsymmetrical β-diketones are used, two possible phenolic products 23 and 24 can be formed ([Scheme 
11] unless the ketone nucleophile itself is symmetrical).  
 
Figure 3- Pyrimidines as protected malondialdehydes 
 
Scheme 11- The selectivity of phenol formation from 1,3-diketones 
In order to perform regioselective phenol formation from these unsymmetrical substrates, the 
nucleophilicity of the ketone and the electrophilicity of the β-dicarbonyl must both be biased towards 
one side. The simplest method would be to use a ketone that will be enolised preferentially on one side, 
such as where an α-ester group is present. The β-dicarbonyl can be biased by using a more reactive 
aldehyde or a less reactive aromatic ketone (both limiting the possible substitution patterns available). 
Alternatively, a β-dicarbonyl equivalent such as an enone can be used. Barton and co-workers reported 
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the reaction of the dianion of β-ketoester 25 as a bis-nucleophile, reacting with some dialdehyde 
equivalents such as 3-dimethylamino-2-phenylpropenal 2631 giving the salicylate 27 (Scheme 12). 
Ph
NMe2
O
OEt
O- O-
Na+, Li+
CO2Me
OH
Ph
26 25 27  
Scheme 12- Utilisation of enals in [3+3] phenol formation 
In this case the selectivity of the reaction can be attributed to the more reactive terminal carbon of the 
nucleophile 25 being a ‘hard’ anion. This reacts selectively in a 1,2-fashion with the bis-electrophile 26, 
establishing the regiochemistry of the resultant phenol 27 in the process. Corey and Palani reported two 
new methods for the synthesis of chiral bicyclic phenols in 1997.32 The second of these methods hinges 
on the oxidation of the bicyclic system after formation and so is outside the scope of this review. The 
first however, was demonstrated by aromatic annulation onto a methylenated menthone ring 28 
(Scheme 13).  
 
Scheme 13- Corey's route to bicyclic phenols 
The selectivity in this case is due to the anion stabilising properties of the sulfur atom in the ketone 
starting material 29. The stabilised nucleophile then reacts in a 1,4-fashion to give the intermediate 30. 
This can only cyclise one way to give a single regioisomer of the phenol 31 via the intermediates shown 
24 
 
(32 and 33 [Scheme 13]). The reaction sequence gave the product in a modest overall yield; 
epimerisation of the benzylic stereocentres was not observed. A more recent approach reported by Kim 
and co-workers utilises readily available Baylis–Hillman adducts 34 as bis-electrophiles.33 In this case the 
leaving-group is in the α-position and the electrophiles are enones rather than enals, allowing for 
further substitution of the eventual phenolic ring 35 at either of the 3- or 5-positions of the phenol 
(Scheme 14).  
OAc O
R2
R1
O
R3 R3 R
1
R2
OH
R3
R3
K2CO3 (1.1 equiv)
1 equiv 1.1 equiv
R1=H, Cl, Me
R2=Me, Et
R3=CO2Me, CO2Et, COPh
40-59%
8 examples
3634 35
DMF, 50-60 oC
5 h
 
Scheme 14- Phenol formation from Baylis–Hillman adducts 
A drawback of this method is that the bis-nucleophilic ketones 36 were all symmetrical and contained 
electron-withdrawing groups on both sides (modified conditions did allow 1,3-diphenylacetone to work). 
This leaves no regioselectivity problem upon addition (which in this case is most likely an initial 1,4-
addition, but without the electron-withdrawing groups could give a mixture with 1,2-addition, thus 
further complicating matters). The reaction failed to work in acceptable yields in cases forming phenols 
with para alkyl groups. Katritzky and co-workers reported the formation of a phenol library using solid 
supported phenol formation.34 Attachment of bromo-acetone to a pyridine-modified Merrifield resin 
gave a solid supported bis-nucleophilic ketone 37. The α-pyridinium conferred a large increase in 
acidicity at one position and also stabilised the resultant enolate, giving complete 1,4-selective attack on 
a series of α,β-unsaturated ketones 38. Aldol ring-closure of the formed 1,5-diketones 39 and 
elimination of the pyridine residue gave the product phenols 40 and at the same time cleaved them 
from the solid support. The use of a 3-fold excess of polymer supported ketone 37 to electrophile 38 
(which were in all cases chalcones) resulted in products containing only small amounts of unreacted 
electrophile 38 as an impurity (Scheme 15).  
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Scheme 15- A solid supported route to phenol synthesis 
Another class of bis-electrophile that have been used in [3+3] phenol formation are alkynyl carbonyls. 
The most recent work35,36 in this area was conducted by Covarrubias-Zúñiga and co-workers utilising the 
combination of dimethyl-1,3-acetonedicarboxylate 40 with either β-substituted propynals37 or 
propynones.38 For example, the bis-nucleophilic ketone 40 combined with a furyl substituted 
electrophile 41 to give the corresponding tetra-substituted phenol 42 (Scheme 16). 
 
Scheme 16- The use of alkynyl ketones as bis-electrophiles 
Yields for this process were found to be in the range of 42-88% (with the exception of terminal alkynes 
where only an 11% yield was obtained). The use of alkyne electrophiles has two advantages. Firstly, the 
two electrophilic sites are differentiated in terms of reactivity, and secondly, the greater level of 
oxidation in these electrophiles means that no leaving-group is required for aromatisation, giving better 
atom economy for these processes. The major disadvantage of this method is the impossibility of 
introducing substituents at the 4-position of the final phenol (during this reaction) and the omnipresent 
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2,5-diester substitution. The most recent work by this group forms mono-methylated resorcinols 43 
from alkynyl esters 44 via Dieckmann cyclisation (Scheme 17). 39 
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Scheme 17- Formation of phenols by Dieckmann cyclisation 
Yields ranged from 52-71% (8 examples) for a variety of alkyl- and aryl-substituted products. The 
reaction was found to be completely regioselective, despite the possibility of a competing Dieckmann 
cyclisation (45→46) that would give an isomeric product 46. 
Another method of biasing reactivity is the use of 1,3-bis(silyl enol ethers) as nucleophiles. The use of 
these to make phenols and other functionalised carbocycles has recently been reviewed elsewhere.40 
Chan and Brownbridge first reported the use of 1,3-bis(silyl enol ethers) in the formation of phenols in 
1979.41 The combination of the bis-nucleophile 47 with an enone 48 with TiCl4 gave the phenol 49 in 
moderate yield (Scheme 18). 
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Scheme 18- An early example of 1,3-bis(silyl enol ether) use in phenol synthesis 
The bis-nucleophile 47 has a well understood reactivity similar to the corresponding dianion 50, with the 
terminal carbon being the more nucleophilic. A major advantage is that the reaction of the dianion at 
the terminal position with α,β-unsaturated carbonyl compounds 51 generally occurs via an initial 1,2-
addition; this is because they are ‘hard’ nucleophiles whereas the silyl enol ethers react in a 1,4-fashion 
as they are ‘soft’. This results in a different regiochemical outcome for the same phenol-forming 
reactions (52 and 53 [Scheme 19]). 
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Scheme 19- A comparison of regioselectivity 
As these reactions are performed in the presence of Lewis acid another class of bis-electrophiles are 
suitable reaction partners; acetals or ketals react in the same fashion and have the benefit of greater 
stability than their dicarbonyl parents. The use of acetals can also reverse the selectivity of phenol 
formation. Chan, for example, reported the reaction of 1,3-bis(silyl enol ether) 47 with a 3-keto acetal 
54.42 This combination resulted in the formation of the salicylate 55 by initial reaction with the ketone 
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moiety (Scheme 20). If instead the keto-aldehyde were employed the opposite regiochemical outcome 
might be anticipated, giving an isomeric phenol 56. 
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Scheme 20- Reversal of regiochemical outcome utilising keto acetals 
1.7.2. [4+2] Methods- Robinson Annelation 
 
Another method of phenol formation that has been studied involves variations of the Robinson 
annelation. The Robinson annelation has been used for many years to form enones.43 The combination 
of a cyclic ketone (such as cyclohexanone 57) with an α,β-unsaturated ketone 58 gives bicyclic enones 
59. This method can be classified as a [4+2] phenol-forming strategy where both components have a 
nucleophilic and an electrophilic site. In the traditional Robinson annelation the bicyclic enone products 
59 are not at the required level of oxidation to form phenols 60 (Scheme 21) 
 
Scheme 21- The Robinson annelation 
The product enones 59 could be dehydrogenated or oxidised to the phenol 60; however, these 
processes could be unselective and are outside the scope of this review. Direct formation of phenols 
from this process requires one of the two components to be at a higher level of oxidation. Boger and 
Mullican, in 1980, reported one of the first uses of a Robinson annelation to form a phenol ring 61 
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directly.44 This was achieved by the inclusion of a sulfoxide leaving-group attached to the cyclic ketone 
62 (Scheme 22).  
 
Scheme 22- Boger and Mullican's direct phenol annulation 
In this case the sulfoxide group also acts as a directing group, thus ensuring the enolate is generated α- 
to the sulfoxide (which would be important if the ring were substituted elsewhere). Only the simplest 
substituents were introduced, with only moderate yields of products isolated (decreasing with added 
substitution). Another strategy involves the inclusion of a leaving-group on the enone portion. Also in 
1980 Takaki and co-workers reported the successful reaction of the enolates of cyclic ketones, of various 
ring sizes 63, with 3-(phenylthio)but-3-en-2-one 64.45 This gave annulation products 65 which could then 
eliminate to give bicyclic phenols 66 (with either acidic or oxidative conditions [Scheme 23]). 
 
Scheme 23- Takaki's route to bicyclic phenols 
More recently a similar Robinson annelation-based method was reported by Ila and co-workers, utilising 
an α-acyl ketene-(S,S)-acetal 67.46 Reaction with a variety of cyclic and bicyclic ketones (and also phenyl 
methyl ketone, where regioselectivity is not an issue) with sodium hydride in DMF, gave in most cases, 
the corresponding phenol product directly (in some cases the crude product was subsequently refluxed 
in benzene with PTSA to complete conversion). Cycloheptanone 68 for example, was reacted under 
these conditions giving the phenolic product 69 (Scheme 24). 
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Scheme 24- An example of Ila's route to phenols 
The resulting phenols were formed in 62-89% yields and could be desulfurised with Raney Nickel to give 
the dethiomethylated products. Alternatively, the initial (S,S)-ketene acetal (for example 67) could be 
partially desulfurised with nickel boride,47 giving the sulfur-free phenol directly (albeit in lower yields).  
1.7.3. 1,5-Diketones 
 
Both of the previous methods, either [3+3] or [4+2], proceed via intermediates containing a 1,5-
dicarbonyl functionality. Other methods have been reported to generate these intermediates. These 
have been shown to cyclise by aldol ring closure to give phenols (provided the level of oxidation of the 
molecule is sufficient).  
Haddad and Kuzmenkov reported a different approach to generate these intermediate 1,5-diketones.48 
A dihydro-4-pyrone, with a pendant alkene containing chain 70, was rearranged by photochemical ring 
closure to a cyclobutane 71. This was followed by Lewis acid-promoted ring opening to give a 1,5-
diketone 72, which was then closed by an intramolecular aldol condensation. The extra level of 
oxidation was provided by the exo-cyclic leaving-group; elimination of this followed by a proton shift 
gave the phenol 73 (Scheme 25). Use of TMSI (rather than a metallic Lewis acid) resulted in the 
formation of the 1,5-diketone with an iodide rather than a hydroxy group, which could then also be 
successfully reacted onwards.  
 
Scheme 25- Formation of 1,5-diketones from dihydropyrones and their subsequent conversion into phenols 
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This method provides a route to bicyclic phenols regioselectively. The ortho methyl group is ubiquitous 
as it derives from the dihydropyrone unit. This method illustrates the possibility of having the required 
leaving-group on a carbon that does not make up the eventual aromatic ring. 
Tius and co-workers reported the formation of 1,5-dicarbonyl intermediates from cycloalkanones.49 The 
intermediate dicarbonyls could be transformed to annulated phenols, with the addition of base, in 
excellent yields.50 For example, vinylogous silyl ester 74 was reacted with an allylic Grignard reagent, 
following hydrolysis the resultant diene 75 was selectively oxidised to give the 1,5-dicarbonyl compound 
76. This was then cyclised with methanolic potassium hydroxide to give the phenol 77 (Scheme 26). 
 
Scheme 26- An example of Tius' phenol annulation strategy 
Although this route provides access to annulated phenols in excellent yields, the range and number of 
substituents that can be introduced onto the ring is limited. The allylic Grignard reagents were limited to 
give only methyl or no substitution at the 2-position. The use of the aldehyde combined with a methyl 
ketone gave no possibility for substitution at the 5- or 6-positions. The 1,5-dicarbonyl intermediates 
contained the correct level of unsaturation to give the phenol directly; however they were found to be 
unstable, giving appreciable decomposition on storage or chromatography (and so often were used 
crude). 
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1.7.4. Polyketides 
 
As mentioned previously the biosynthesis of phenols from polyketides provides a huge range of natural 
compounds that are often pharmacologically active. It would be desirable in most cases to form 
analogues and large quantities of these compounds by the same natural routes, but starting from 
synthetic polyketides. The major problem with this approach is that the polyketides often do not cyclise 
by the desired modes in the laboratory. The selectivity found in nature is due to the presence of cyclising 
enzymes, the shapes of which create pockets for regiospecific cyclisation and subsequent 
aromatisation.51 Some work has been performed in this area in order to form phenols in the laboratory. 
Yamaguchi and co-workers reported the synthesis of phenols by condensation of polyketides.52 Initially 
bicyclic phenols were formed. Polyketide 78 for instance, cyclised on addition of hydrochloric acid to 
give the corresponding phenol 79 (Scheme 27). 
 
Scheme 27- Bicyclic phenol formation from polyketides 
Similarly, use of the same substrate with one more or less methylene group gave the product phenol 
attached to a seven- or five- membered ring ketone, respectively. The conditions to achieve all of these 
reactions varied; for the five membered ring case pH 1 was best and for the seven membered ring case a 
metal(II) template was required. The formation of isolated resorcinol rings 80 was also reported later 
using sodium perchlorate in acetic acid (Scheme 28).53 
 
Scheme 28- Phenol formation from triketones 
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As can be seen from the above reaction the substrate 81 is again a masked 1,5-diketone (although in this 
case a 1,3,5-triketone). In both cases the product phenols (79 and 80) are surrounded by oxygen-
containing functional groups and this method would seem to have most application in forming these 
highly oxygenated products. The major drawback of this method is the instability of polyketides and the 
difficulties that would be expected in trying to form more complex substrates.  
1.7.5. Other Ionic Phenol-forming Methods 
 
In 2005, Dong and co-workers reported the synthesis of a range of phenols by [5+1] annulation. Their 
method involved the use of the anions of nitroalkanes 82 to react with double Michael acceptors.54 The 
bis-electrophilic components in these reactions were α-alkenoyl ketene-(S,S)-acetals 83. These 
electrophiles can be formed from the reaction of a ketone with a combination of carbon disulfide and 
methyliodide, followed by the reaction of the product α-acyl ketene-(S,S)-acetals with aromatic 
aldehydes. Using DBU as a base gave good yields of the intermediate cyclohexenones 84, which with an 
increase in temperature eliminated to the phenolic products 85 (Scheme 29). 
 
Scheme 29- A [5+1] phenol forming reaction utilising double Michael acceptors 
The phenols 85 were formed in yields ranging from 52-82% (14 examples). However, the range of 
substituents introduced was limited; R2 to electron-withdrawing aldehyde and amide groups and R3 to 
aromatics and heteroaromatics (as well as alkenes conjugated to aromatics). The major advantage of 
this method is that, as a [5+1] annulation method, the regiochemical outcome is fixed prior to the 
phenol formation. 
In 1984 Dieter and co-workers briefly reported a further method of phenol formation.55 A few 
thioesters, with the general structure 86 where R1 and R2 are alkyl groups (or part of a carbocycle), were 
converted into the corresponding phenols 87 with a fluoroborate salt (Scheme 30). 
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Scheme 30- Formation of phenols from thioesters 
The reaction proceeded in low to moderate yields, generally with the formation of a variety of by-
products (usually thiophenols or hydrolysis products). 
1.8. Pericyclic Methods 
 
The second section of this review will cover methods of phenol formation that occur by pericyclic 
mechanisms. These can be divided broadly into two categories; those utilising the reactivity of ketenes 
(and deriving the phenolic oxygen from a ketene moiety) and Diels–Alder reactions. 
1.8.1. Ketene Methods 
 
In 1982, Karpf reported that β,γ-unsaturated acid chlorides (88 and 89), bearing α-hydrogens reacted 
with simple alkynes to form phenols (90 and 91) in the presence of aluminium trichloride (Scheme 
31).56,57  
 
Scheme 31- Phenols from acylchloride derived ketenes 
This observation can be rationalised by the generation of a vinylketene58 intermediate that can react 
with the alkyne and start a series of pericyclic reactions (a pericyclic cascade), eventually leading to the 
phenolic product (see later [Scheme 32]).  
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1.8.2. Generation of Vinyl Ketenes from Cyclobutenones 
 
Danheiser and Gee formulated a mechanism for the thermal opening of cyclobutanones 92 to make 
phenols 93, by reaction again with alkynes 94 (Scheme 32).59 The mechanism involves the thermal 
opening of the cyclobutenone 92 to give a ketene 95, which then reacts with the alkyne by a [2+2] 
cycloaddition to give a second cyclobutenone intermediate 96. A second thermal electrocyclic opening 
gives a new ketene 97 that can then close by a 6-electron electrocyclic ring-closure to the phenol 93. 
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Scheme 32- Thermal cyclobutenone opening to form phenols 
The reactions were found to be completely regioselective using electron-rich alkynes to direct the initial 
[2+2] addition. A single example of penta-substituted phenol formation was reported (in 33% yield) by 
the investigators. The majority of their examples gave phenols with 2, 3 or 4 substituents in good yields 
(65-92%, 11 examples), where the substituents introduced were mainly simple alkyl groups. This method 
was subsequently extended to provide easier access to substituted resorcinols by the use of 
trialkylsilyloxyalkynes.60 The use of alkynes bearing alkyl or ester functionality was reported in 1990 by 
Huffman and Liebeskind.61 Variously substituted cyclobutenones 98 were converted to cobalt η4-
vinylketene complexes 99 with (η5-indenyl) cobalt(0) (a single example is shown), and these reacted with 
substituted alkynes 100, presumably via a [4+2] cycloaddition of the two cobalt co-ordinated reactants 
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(Table 1). This resulted in a different regiochemical outcome from the thermal reactions described 
above. These reactions required cyclooctadiene (COD, 2 equivalents) to inhibit alkene trimerisation, a 
large excess of alkyne (5-20 equivalents) and an elevated temperature (100 °C) for long periods (19-21.5 
h). With unsymmetrically substituted alkynes two regioisomeric phenols were obtained 101 and 102.  
Table 1- Phenol formation from cobalt vinylketene complexes 
Ph
Co
R1
R2
OH OH
R2
R1PhPh
R1
R2
O
Ph
•
O
98 99 100 101 102
 
Entry R1 R2 Yield of 101  Yield of 102 
1 Et Et 65% N/A 
2 H Bu 45% 18% 
3 CO2Me CO2Me 45% N/A 
4 CO2Et Me 42% 50% 
 
An improved procedure was reported by the same group utilising a nickel (COD)2 catalyst (10-20 mol% 
rather than stoichiometric cobalt) at 0 °C with only a twofold excess of alkyne 100 and shorter reaction 
times (30-120 min [Table 2]).62 
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Table 2- Nickel (0) catalysed phenol formation 
 
Entrya R1 R2 R3 R4 Ratio of 
104:105 
Yield 
1 Ph H Me iPr 50:50 81% 
2 Ph Me Me (CH2)2OTBDMS 75:25 63% 
3 Ph H Me TMS 45:55 58% 
4 Bu H Me (CH2)2OTBDMS 75:25 59% 
5 Bu3Sn H Et Et N/A 43% 
a representative examples 
The use of 2,3-disubstituted cyclobutenones resulted in no reaction and the use of either electron 
withdrawing or releasing substituents on the ring also prevented reaction. The alkyne 100 component 
was limited to disubstituted alkynes without electron-withdrawing groups giving complimentary 
products to those which can be obtained from thermal cyclobutenone opening. In the best cases 
reported only a 75:25 selectivity was observed (for example, entries 2 and 4 above). 
Recently Kondo and co-workers reported the successful use of [RhCl(CO)2]2 to perform the same 
reactions, in this case successfully, with 2,3-disubstituted cyclobutenones.63 Interestingly, they 
successfully extended this method to utilise the cheaper and more readily available alkenes (albeit only 
electron-deficient ones used in a large ×10 excess), with dehydrogenation occurring in situ. The electron-
deficient alkenes used were exclusively mono-substituted resulting in a maximum of tri-substituted 
products, although in this case the reactions were completely regioselective, placing the electron-
withdrawing group exclusively ortho to the hydroxyl. Isolated yields ranged from 65-40% (5 examples). 
For example, a 2,3-diethyl cyclobutenone 106 was reacted with 1-penten-3-one 107 to give the 
corresponding phenol 108 (Scheme 33).  
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Scheme 33- Rhodium-catalysed phenol formation 
Other vinylketene cyclisations have also been reported in the literature; these differ mainly in the 
method of synthesising these intermediates. In all of the reactions described so far, the regiochemistry 
of the final phenol is determined by the selectivity of either the [2+2] (for the thermal ring opening) or 
[4+2] (for the metal ketene complexes) cycloaddition. In some cases the reactions are totally selective. 
However when the two substituents are both similar in sterics and electronics little selectivity is 
observed. In these cases pre-forming the cyclobutenone with a pendant alkene 109 would make the 6π-
electrocyclic reaction intramolecular, and thus regiospecific, leading to the formation of a single phenol 
product 110 (Scheme 34). 
 
Scheme 34- Regiospecific electrocyclic ring-closure 
In order to form these vinylcyclobutenones 109 reaction of a cyclobutenone 111 with a leaving-group in 
the 3-position with a vinyl nucleophile was reported by Liebeskind and co-workers.64 They used 
vinylstannanes 112 and palladium(0) catalysis to give regiospecifically, single phenol products 113 after 
cyclisation (Scheme 35). 
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Scheme 35- Formation of vinylcyclobutenones and their conversion into phenols 
1.8.3. Other Methods of Vinyl Ketene Formation 
 
Danheiser and co-workers reported an alternative approach from α’-diazo-α,β-enones 114.65,66 Silylation 
followed by photochemical Wolff rearrangement67 gave silylated vinylketenes 115 (which were 
particularly stable to both storage and chromatography). Reactions of these with lithium ynolates 116, 
proceeded by C-acylation of the ynolate generating a new conjugated ketene 117 regiospecificaly that 
can then cyclise by a 6π-electrocyclic reaction followed by a 1,3-silyl shift (118→119 [Scheme 36]). The 
alternative mechanism of a direct [4+2] cycloaddition reaction was expected not to occur due to both 
reactants being electron rich, thus the regiochemistry of the resulting phenol 119 is fixed.  
 
Scheme 36- Phenol formation from the reaction of vinylketenes with lithium ynolates 
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In 2001 Serra and co-workers reported the regiospecific benzannulation of 3-alkoxycarbonyl-3,5-dienoic 
acids 120, which occurred via the same electrocyclic pathway (Scheme 37).68 In this case the ketene 
intermediate 121 was generated by decarboxylation of an anhydride 122 formed in situ and the phenols 
123 were formed regiospecifically. A range of substituents were introduced, including cases where R1 or 
R2 are Br, OR, SR or SiR3, as well as the more usual alkyl and aryl groups. The products were formed in 
good yields (60-95%, 13 examples using two different sets of conditions).  
Scheme 37- Regiospecific benzannulation of 3-alkoxycarbonyl-3,5-dienoic acids 
1.8.4. Cyclopropenes 
 
Cyclopropenes are another class of strained carbocycles that have been used in the formation of 
phenols. The ring-strain again allows for easy opening, giving reactive intermediates that can be 
converted to phenols. The reported mechanisms in these cases do not at first glance seem to involve 
ketenes; however some of the putative intermediate metallocycles may be thought of as ketene 
equivalents (such as 126 and 127 below [Scheme 38]). The use of cyclopropenes was reported by Garner 
and Ramakanth who used a rhodium-catalysed carbonylation of vinylcyclopropenes 124 (Scheme 38).69  
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Scheme 38- The rhodium catalysed carbonylation of vinylcyclopropenes 
In this process the phenolic oxygen is incorporated from carbon monoxide, making it a [5+1] strategy. 
This and the symmetrical substitution of the cyclopropene 124 eliminates all of the regiochemical issues. 
Another route from cyclopropenes was reported by Padwa and Xu.70 Cyclopropenyl ketones 129 can be 
opened by catalytic rhodium(I), giving a rhodium carbenoid 130 that can then react with terminal 
alkynes 131 to form a metallocycle 132; this can then rearrange to the phenol 133 after reductive 
elimination of the metal (134→135) (Scheme 39).71 When trimethysilyl-substituted rather than terminal 
alkynes were used, it was found that rearrangement did not take place to form the expected phenol 
product. Instead, a low yield of the aromatic ketone substituted phenol was formed by incorporation of 
carbon monoxide from the catalyst. Conducting this reaction under a CO atmosphere gave moderate 
yields of the silyl-substituted phenol by the same 6π-electrocyclic rearrangement as shown previously 
for the conjugated ketenes (121→123 [Scheme 37] for example). 
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Scheme 39- Formation of rhodium carbenes and their conversion into phenols 
Another method of phenol synthesis that has received a large amount of interest is the use of chromium 
carbene complexes. Often referred to as the Dötz reaction,72,73 this method has been used to form a 
wide range of phenols which are initially still attached to the chromium tricarbonyl moiety, as in 136. 
The mechanism of this reaction is shown below (Scheme 40). Substituted chromium carbenes 137 when 
reacted with alkynes 138 provide chromium carbene complexes 139. Insertion of CO forms a ketene 140 
(from which the phenol oxygen is derived). Electrocyclic ring closure gives the phenol complex 136. The 
selectivity is well understood; in virtually all cases the larger alkyne substituent is preferentially located 
next to the hydroxyl group of the resultant phenol (due to steric repulsion between this and the 
chromium ligands). With terminal alkynes the reactions are totally selective.74 
Scheme 40- Mechanism of phenol formation from chromium carbenes 
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This method has a few limitations; generally the method only forms 1,4-bisoxygenated products due to 
the requirement for an α-heteroatom to stabilise the carbene. In the case of an OR substituent (as 
shown above) phenols can be formed; however replacement with an amino substituent makes the 
carbene more stable to both the decarbonylation and carbonyl insertion steps, making a competing 
electrocyclic pathway predominate. This gives an aminoindene complex, which gives an indanone on 
hydrolysis. Generally electron-rich alkynes react more readily than electron-poor ones resulting in 
greater yields. The use of stoichiometric metal is required in this case, unlike with the use of rhodium 
carbenoids. The decomplexation of the products is usually performed using oxidative conditions, which 
can result in the formation of quinones. Shin and co-workers reported a modification using photo-
irradiation, which gives the decomplexed products directly.75 This approach does have one major 
advantage; Wulff and co-workers reported its use to form phenols with α-stereocentres in a 
stereoselective manner (Scheme 41).76 Use of chiral propargyl ethers 141 with chromium carbenes 137 
gave the product arene complexes as a mixture of diasteroisomers (142 and 143) often with good 
selectivity (>95:5). Use of large groups on the ethereal oxygen (such as trityl) gave the best results, 
whereas in cases where R2=H poor selectivity was observed. 
 
Scheme 41- Stereoselective synthesis of arene tricarbonyl chromium complexes 
In a related approach, Katz and Sivavec reported the formation of phenols from metal carbynes and 
diynes.77 Diynes of the form of 144, when reacted with tungsten or chromium carbynes 145, gave 
phenols 146 (Scheme 42). The source of the oxygen atom in this case is carbon monoxide from the 
carbyne.  
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Scheme 42- Phenol formation from metal carbynes 
This method provides bicyclic phenols from acyclic precursors in a single step. The high reactivity of the 
carbynes results in fast reactions at low temperatures, but also presents problems in storage, synthesis 
and handling. As well as the 5,6-bicycle shown above 146, 6,6- and 4,6-bicyclic phenols were formed (in 
lower yields of 38 and 16% respectively).  
1.8.5. Diels–Alder Methods 
 
The [4+2] cycloaddition of a diene with a dienophile has been used to form phenols. Most commonly an 
oxygen-containing heterocycle is used as the dienophile and source of the phenolic oxygen. 
1.8.6. Furans  
 
Furans have been used to form phenols by Diels–Alder reaction with alkynes. Furans are generally poor 
substrates for Diels–Alder reaction with all but the most electron poor alkynes. Hashmi and co-workers 
have reported the reaction of alkynylfurans 147 to form phenols (148 and 149 [Scheme 43]) using a gold 
catalyst.78 The substituted furans are readily available from furfural.  
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Scheme 43- Gold-catalysed Diels–Alder reaction to form phenols 
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Product mixtures are obtained when the furan is not substituted at the 5-position. The regiochemistry of 
the obtained phenols differs from that of the fused-ring phenolic products isolated from Robinson 
annelation methods. With disubstituted alkynes the method fails to provide any of the phenolic product. 
Hashmi and co-workers have since reported a heterogeneous gold-catalysed variant of this procedure, 
as well as further investigations into the mechanism and scope.79 Moreno and co-workers have reported 
the formation of phenols from 2,5-disubstituted furans and alkynylesters, in an intermolecular reaction 
with ZnCl2 on silica, under conditions of microwave irradiation.
80  
1.8.7. 2-Pyrones 
 
Another Diels–Alder approach using heterocycles was reported by Boger and Mullican in 1984.81 They 
reported the use of 2-pyrones in inverse electron-demand Diels–Alder reactions, giving annulated 
phenols. The 2-pyrones used were electron-deficient 3-carbomethoxy substituted, such as 150 (Scheme 
44). Diels–Alder reactions with a variety of electron rich dienophiles, such as 1,1-dimethoxyethene 151, 
gave phenols (in this case methyl protected 152). The reaction proceeds by Diels–Alder cycloaddition, 
followed by elimination of CO2, then aromatisation by elimination of a leaving-group attached to the 
dienophile (in this case methoxy). 
 
Scheme 44- Boger and Mullican's Diels–Alder route to phenols 
One draw-back of these reactions is the requirement for complementary electronics in the two 
reactants, limiting the substituents that can be introduced (although at the same time this leads to the 
complete regioselectivity observed). The phenols formed were also all bi- or tri-cyclic. The high 
temperatures required and long reaction times are also not ideal, although temperatures were reduced 
by use of various metal catalysts. The use of other dienophiles allowed for the formation of more highly 
oxygenated phenolic products. 
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1.8.8. Cyclopentadienes 
 
Another Diels–Alder route to substituted phenols was reported by Khan and Choudhury isolating 
pentasubstituted phenols with mainly halogen substituents 153 (Scheme 45).82 Diels–Alder reaction 
between a vinyl acetate 154 (only Z isomers reacted) and a completely substituted cyclopentadiene 155, 
gave a single [2.2.1] bicyclic product (endo, endo) 156. After acetate hydrolysis and oxidation to a 
bicyclic ketone 157, acid catalysed rearrangement and elimination gave the phenol 153.  
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Scheme 45- Formation of phenols by Diels–Alder reaction of cyclopentadienes 
The reaction was performed where R was a variety of straight chain alkanes and also for R=Ph (albeit 
with lower overall yields).  
1.8.9. Enyne–diyne Cycloadditions 
 
In 1998 Yamamoto and co-workers reported the extension of their [4+2] enyne–diyne cycloaddition 
methodology, for the formation of polysubstituted benzenes, to the formation of phenols.83 The use of 
both methyl, and silyl enol ethers was tried giving protected phenols; these could then be deprotected 
by standard methods. In the case of the silyl enol ether substituted enynes 158, reaction with 
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symmetrical diynes 159, with palladium catalysis, gave the protected phenols 160 (61-83%, 5 examples 
[Scheme 46]). These could be deprotected either in situ or as a separate step with TBAF. 
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Scheme 46- TBDMS enyne–diyne cycloaddition 
The reactions were found to be completely chemoselective, giving only the cross-benzannulation 
product 160 and no detectable amounts of the enyne dimer or other annulation products. With 
substituents at R2 the shown E-configuration of the alkene 158 was required for annulation to occur.  
With the methyl ethers 161 the reactions proceeded to give the enyne–diyne coupling product 162, as 
well as in some cases smaller amounts of the enyne homodimer 163. In addition, in the absence of diyne 
the simplest enyne reacted to give the homodimer 163, which in all cases decomposed on silica gel to 
give an aromatic ketone 164 (Scheme 47). 
 
Scheme 47- Methyl ether enynes reacting to form phenols 
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1.8.10. Enynones 
 
Jacobi and co-workers found that enynones can be converted to phenols with an acid catalyst.84 
Subsequently, this method was investigated further and applied to the synthesis of natural products.85 It 
was found that a single enynone precursor could be transformed to two regioisomeric phenols. Diethyl 
enynone 165, for example, could be transformed to both phenol 166 and phenol acetate 167 by 
variation of the conditions. 
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Scheme 48- Two modes to enynone cyclisation to form phenols 
The two phenolic products are formed by two competing modes of cyclisation (Scheme 48). The 
formation of 166, occurs via a 6-endo cyclisation of the enol form of the starting material 168 (path A); 
whereas 167, is formed by a 6π-electrocyclic closure of the allene intermediate 169 (path B). The latter 
mode of ring closure is favoured when R=Ac (which was generated when a high concentration of 
isopropenyl acetate was used). Another possible product, methylenecyclopentenone 170 (Figure 4), was 
not formed in either of these two reactions (this can be formed selectively using different conditions86). 
In some cases the reaction is completely selective; replacing the diethyl substitution of 165 with 
dibenzyl, prevented formation of the allene intermediate and so only gave a single phenol isomer. 
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Figure 4 
1.8.11. Allenes 
 
In 2007 Zhang and co-workers reported the formation of benzyl protected phenols 171 from a 
combination of allenes 172, with enones or enals 173, using gold catalysis (Scheme 49).87 Deprotonated 
benzyloxyallene 172 was reacted with a range of enones and enals 173 and the resulting alcohols 
acetylated in situ. The resulting allenyl alkenyl carbinol acetates 174 were then rearranged with AuCl 
giving phenols. The reaction is thought to proceed by a [3+2] cycloaddition between the allene and 
alkene.88 
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Scheme 49- AuCl-catalysed phenol formation from allenes 
The reaction was demonstrated on twelve carbinol acetates 174, isolating the products 171, in yields 
ranging from 53-99% (from the starting enones or enals). 
1.8.12. Pauson–Khand 
 
Pericàs and co-workers reported the regioselective synthesis of ortho-substituted phenols 175 using the 
Pauson–Khand reaction followed by photoisomerisation.89 The three-component coupling of a 
substituted alkyne 176 with cyclopropene and carbon monoxide, gave range of [3.1.0] bicyclic enones 
177. The photoisomerisation gave the phenols in excellent yields (96-99%, 6 examples [Scheme 50]), 
with a range of substituent types. 
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Scheme 50- Phenols from Pauson–Khand adducts 
The rapid assembly of the phenolic ring by a [2+2+1] coupling is attractive; however extending this 
methodology to more highly substituted products would be problematic. 
1.8.13. Ring-closing Metathesis 
 
Yoshida and Imamoto reported in 2005 the use of ring-closing metathesis (RCM) to form phenols 177 
from trienones 179 (Scheme 51).90 
 
Scheme 51- Phenols by RCM of trienones 
The reaction proceeded with 2.5 mol% of Grubbs II catalyst, although greatly improved yields were 
reported with the use of 7.5 mol% which was standard. The introduction of substituents at R2 and R6 
(and also R7 and R1 in the starting material) made heating of the reaction necessary to achieve 90+% 
yields; these were generally obtained when R2=R6=H at room temperature. A small range of phenols 
were prepared including those with both alkyl and phenyl substituents as well as one example with a 
free (non phenolic) hydroxyl group. A mixture of mono, di- and tri-substituted phenols were prepared. 
The authors also reported an attempted cross-metathesis ring-closing metathesis route, utilising a bis-
enone and 1,4-pentadiene, which although unsuccessful presents a rapid possible route to highly 
substituted phenols (although regioselectivity would be a difficult problem to overcome for 
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1.9. Other Methods 
 
In 2003 Sato and co-workers reported the application of their route to 1,4-diiodo-1,3-alkadienes to the 
synthesis of phenols.91 So far only one example has been reported (Scheme 52). Diiodo diene 180 was 
selectively metallated and reacted with acrolein giving the trienol 181. Intramolecular Heck reaction 
gave the phenol 182 (presumably via the o-isotoluene 183).  
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Scheme 52- Phenols by intramolecular Heck reaction 
Hidai and co-workers have reported that 3-arylallyl acetates can be carbonylated and cyclised with 
palladium-catalysis to give naphthyl acetates.92 Subsequently this idea was extended to form the phenyl 
acetates 184 from 2,4-pentadienyl acetates 185 (Scheme 53).93 Under the reported conditions the six-
membered ring products were formed exclusively.  
 
Scheme 53- Cyclisation and carbonylation of 2,4-pentadienyl acetates 
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A range of substrates were used, giving the products in moderate to good yield. The substituents at R1 
were mainly aromatic rings, R2 and R3 hydrogen or methyl (with substitution at these positions tending 
to decrease the isolated yield). 
Peterson and co-workers utilised a different method of ring-closure forming salicylates.94 This method 
was first reported by Snider and co-workers,95 who subsequently extended it to provide access to a 
larger range of phenol products.96 Manganese(III)-mediated oxidative radical cyclisation of 3-oxo-6-
heptenoate esters gave phenol products directly. For example methyl-3-oxo-6-heptenoate 186 could be 
cyclised by a 6-endo-trig closure followed by oxidation in situ to give methyl salicylate 187 (Scheme 54).  
 
Scheme 54- Oxidative radical cyclisation 
By small alterations of the substrate structure and variation of the reaction conditions more highly 
substituted salicylates were formed (generally the substituents were either methyl or phenyl groups). 
The most highly substituted product (188 Figure 5) was formed in 50% yield and less substituted 
examples generally gave better results. The oxidising/radical conditions would limit the range of 
substituents that could be introduced. 
 
Figure 5 
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1.10. Summary 
 
There are a large number of strategies to form phenol rings; however the major routes investigated so 
far are ionic [3+3] strategies and the 6π-electrocyclic closure of ketenes with pendant dienes. The first of 
these has the advantage that the starting materials are generally readily available; however activating 
groups are usually required to direct the cyclisation to provide a single isomer. Strategies using ketene 
6π-electrocyclisation have the opposite problem; the regiochemistry of the final step is certain, but the 
synthesis of these substrates is more difficult and many routes start with molecules such as 
cyclopropenes, which are not an ideal starting point.  
The formation of phenols from acyclic precursors has been developed to the point where it is often 
preferable to form phenol rings de novo rather than modify existing ones; unfortunately there is no 
single method that stands out as the best and all have their own drawbacks. 
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2. Results and Discussion 
 
The previous section examined the current methods available for the synthesis of phenols from acyclic 
precursors. In this section the Craig group approach to substituted phenols will be discussed, including 
work towards its application in the total synthesis of members of the pseudopterosin family of 
diterpenes. 
2.1 Prior Work Within the Group 
 
Previously within the group, work had been undertaken towards the synthesis of a library of pyridines 
using a novel pyridine synthesis (Scheme 55).97,98 The sequence formed a variety of 3-tosyl-1,5-
dicarbonyls 189, where the tosyl group could act as a leaving-group. This allowed direct formation of 
pyridines 190 without the need for a separate oxidation step.  
S
ONa
O
CO2MeTs
CO2MeTs
R1
CO2MeTs
R1 R2
CO2MeTs
R1
O
R2
O
NR1 R2
CO2Me
OMe
O
Br
R1
X
R2
X
[O]"NH3"
189190
191192
193
194
197
195
196
 
Scheme 55- The Craig group pyridine synthesis 
The methyl 2-tosylacetate 191 was formed by the reaction of toluene-sulfinate 192 with methyl 
bromoacetate 193. The 1,6-dienes 194 were formed using either of two methods; sequential addition of 
different allylic electrophiles (195 or 196) gave unsymmetrical dienes via isolated mono allylated 
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intermediates 197; or alternatively addition of two molecules of the same electrophile to give 
symmetrical dienes (R1=R2). Oxidative cleavage by ozone gave the 1,5-diketones 189, which could be 
isolated or reacted directly with an ammonia source, typically 2 M NH3 in EtOH, to give a range of 2,4,6-
substituted pyridines 190 (Table 3). 
Table 3– Formation of pyridines with variation of 2- and 6-substituents 
 
 
Entry R1 R2 Overall yield (%) 
From methyl 2-tosylacetate 
1 Me Me 73 
2 H H 4 
3 H Et 18 
4 H Octyl 39 
5 H Ph 27 
6 Me H 42 
7 Me Et 40 
8 Me Ph 35 
9 Et Et 56 
10 Et Ph 42 
11 Ph Ph 8 
 
Two things should be noted from this sequence; firstly, the importance of the tosyl group which is 
utilised both as an anion stabilising group, ‘softening’ the nucleophilic portion for the palladium-
catalysed allylation reaction, and as a leaving-group in the final step allowing direct pyridine formation; 
secondly, all of the pyridines formed have substituents only at the 2-, 4- and 6-positions. The 
introduction of substituents at the 3- and 5-positions is hampered by the regioselectivity of the 
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palladium-catalysed allylation (Tsuji-Trost reaction).99 Attempting to introduce extra substituents 198, by 
increasing the substitution on the allyl electrophile 199, would favour an SN2’ reaction pathway 
delivering the undesired regioisomer 200 (Scheme 56).100 
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Scheme 56- Regiochemical outcome of Pd(0) catalysed allylation 
There are ways around this limitation which shall be discussed later. Another way of adding diversity to 
this pyridine library was to alter the 3-substituent; this was achieved by decarboxylation of 201 followed 
by alkylation of the formed α-sulfone anion of 202. This demonstrates a further use of the tosyl group in 
this methodology. Decarboxylation and alkylation were carried out and the alkylated dienes 203 could 
then be converted into the corresponding pyridines 204 (Scheme 57). 
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Scheme 57- Variation of the 3-substituent of pyridines 
The decarboxylation proceeded in virtually quantitative yield and alkylations, with both 1-iodononane 
and benzyl bromide, were successful although the yields were inconsistent (the best being 72 and 77% 
respectively) and starting material was invariably recovered. For the case where R3=nonyl, the diene 203 
was converted to the pyridine 204 by ozonolysis and ammonolysis, the final two steps proceeding in 
81% yield. 
During this previous work, it was discovered that one of the 1,5-dicarbonyl substrates 205, could be 
converted into a phenol 206 by addition of potassium carbonate or sodium methoxide in methanol 
(Scheme 58). 
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Scheme 58- Previous work on phenol formation 
This was rationalised as occurring via an intramolecular aldol condensation, followed by elimination of 
toluenesulfinic acid; the reaction being driven to completion by the aromaticity of the product 206 
(Scheme 59). 
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Scheme 59- Proposed mechanism of phenol formation 
In this particular case the symmetry of the diketone 205 results in only one phenolic product being 
possible. However, in cases where the diketone 206 substituents R5≠CH2R
6 and R5=CH2R or CH3 (Scheme 
60), two products (207 and 208) are possible. These can arise from two competing aldol condensations 
making different regioisomeric intermediates. Where the two substituents of the diketone are the same, 
or one cannot be enolised on the required side (R5=Ph, for example), only a single phenolic product 209 
is possible.  
 
Scheme 60- Regiochemical outcomes of phenol formation 
The aim for this project was to synthesise a library of phenols using this novel reaction. 
The initial objectives for this project were: 
1. To optimise the phenol-forming reaction. 
2. To form a range of phenols by this method to test the selectivity of cyclisation. 
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2.2. Trial Phenol-forming Reaction 
 
The first objective was to optimise the phenol-forming reaction and the sensible starting points were the 
previously described results using the simplest substrate 205. On the way to make this diketone it was 
thought an opportune time to try some different oxidative cleavage conditions. 
2.2.1. Formation of a Test 1,5-Diketone 
 
The required starting material for this work was methyl 2-tosylacetate 191. This was prepared by 
reaction of sodium p-toluenesulfinate 192 and methyl bromoacetate 193.101 This reaction was 
performed giving the desired product 191 in moderate yield (Scheme 61), which was used for the initial 
trial reactions. Subsequently this material was purchased.102 
 
Scheme 61- Synthesis of the 2-tosylacetate 
The diene 210 was formed in two different ways both using 3-chloro-2-methylpropene 211 (Scheme 62). 
 
Scheme 62- Synthesis of diene 210 
Firstly, the use of palladium catalysis at room temperature gave only a moderate yield of the product. As 
the methodology was to be tested on this substrate the chemistry was scaled up using a different 
procedure omitting the palladium catalyst and instead adding tetra n-butylammonium iodide to increase 
the reactivity of the electrophile 211.97 This allowed formation of the quaternary centre of the product 
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in improved yield. It was later discovered that the palladium-catalysed allylations generally proceed in 
excellent yield at elevated temperatures. 
The next step in the sequence was the oxidative cleavage of this 1,6-diene 210 to the corresponding 
diketone 205 (Scheme 63). 
 
Scheme 63- Synthesis of diketone 205 
As was shown earlier, ozonolysis is a proven method for this conversion. It was felt that this might not 
always be the case, especially if electron-rich aromatics were introduced to the side chains. In some 
cases having an option other than ozonolysis for this transformation may be useful, especially in cases 
where ozone is not sufficiently selective. Attempted oxidative cleavage with a range of transition metal 
catalysts failed to give any of the desired product 205 under a range of conditions. Attempted oxidative 
cleavage with RuO2·xH2O and sodium periodate gave a messy TLC profile and did not go to completion. 
Similarly OsO4 and sodium periodate with added 2,6-lutidine (to reduce by-products
103), although 
cleaner, still gave a mixture of inseparable, oxidised and partially oxidised, products with some starting 
material remaining. These failures were attributed to the intermediate 1,2-diols lactonising with the 
ester or reacting with one of the forming ketones giving a hemi-acetal. Oxidation using OsO4 and 
Oxone® (2KHSO5·KHSO4·K2SO4) was proposed to occur without the intermediate diol (Scheme 64),
104 
which was hoped may stop these products forming.  
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Scheme 64- Proposed mechanism of osmate ester cleavage 
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The results of this oxidation both with and without added base (NaHCO3) were similar, neither giving any 
recognisable products. This oxidation was also attempted under basic conditions using excess K2CO3, in 
order to immediately condense any formed ketone to the phenol 205 by an intramolecular aldol 
reaction; only starting material was recovered. 
A possible method for making the alkenes more readily cleaved by oxidising agents would be to form the 
cyclopentene 212 by ring-closing metathesis. The resulting alkene would be more electron-rich, and 
dihydroxylation and cleavage (either stepwise or in one-pot) would also relieve ring strain. Any 
dihydroxyl intermediates should also be less prone to intramolecular cyclisation as they would be kept 
away from the ester group by the conformational restrictions imposed by the ring. There is a close 
literature precedent for the formation of tetrasubstituted alkenes in five membered rings, a similar 
reaction having been reported in the literature with the gem-dimethyl ester compound (213→214 
[Scheme 65]).105 
 
Scheme 65- Literature precedent for cyclopentene synthesis 
The Thorpe–Ingold effect106 would appear to be crucial in favouring the formation of these crowded 
cyclic alkenes. The desired cyclopentene 212 was formed using Grubbs second generation catalyst.107 
Microwave irradiation was used to try and force this difficult reaction to completion; however, starting 
material was still recovered. The yield was promising and further optimisation of conditions and 
purification should improve the mass balance (Scheme 66). 
 
Scheme 66- Formation of cyclopentene 212 
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A small-scale oxidative cleavage of 212 was then attempted using OsO4 and Oxone®;
104 however, the 
reaction failed with no product 205 visible by 1H NMR analysis (Scheme 67). Trace amounts of a large 
number of by-products were observed by TLC. 
 
Scheme 67- Attempted oxidative cleavage of 212 
The lack of success encountered with one-pot oxidative cleavage reactions utilising transition metal 
catalysts suggests a two step route may be preferable. At this point it was decided that the use of 
oxidants other than ozone and the use of ring-closing metathesis would be investigated further if 
problems were encountered with the ozonolysis of specific substrates. 
The acyclic diene 210 was cleaved in good yield by ozonolysis using conditions previously optimised in 
the group,97 giving the diketone 205 (Scheme 68). A mixed solvent system of dichloromethane and 
methanol was used, as methanol has been proposed to help break up/stop the formation of complex 
ozonides (that can be formed due to the proximity of the two alkenes) by acting as a nucleophilic co-
solvent.97 Triphenylphosphine (3 equivalents) was used to reduce the ozonides to give the diketone; use 
of dimethyl sulfide had previously been shown to give inferior results on these substrates,97 although 
more recent work in the group has shown it to be a useful reductant when used in large excess (on 
similar substrates).108 
 
Scheme 68- Ozonolysis of the trial diene 210 
The diketone 205 was thought to be unstable and was thus prepared in small batches. These were 
stored in the refrigerator and used within a few days. It was thought that the removal of 
triphenylphosphine and its oxide could be problematic (especially on larger scales) by column 
chromatography. Initially the majority of it was precipitated by re-dissolving the crude product in diethyl 
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ether; this was later shown to be unnecessary and may have led to a reduction in yield due to product 
being trapped in the precipitated solid. The results of the ozonolysis reaction on 1 g of diene gave yields 
in the range 80-97% (6 runs) when the majority of the phosphine was precipitated from solution prior to 
chromatography and 70-87% on a 2 g scale (3 runs); however, when the precipitation of 
triphenylphosphine was not carried out the isolated yield on a 2 g scale was a much higher 94%. 
Eventually the reaction was scaled up to a 10 g scale (using 2.2 rather than 3 equivalents of phosphine 
with the concentration doubled) isolating the product in 87% yield.  
Magnesium in methanol has been shown to be an effective reducing agent for ozonides.109 However, 
upon ozonolysis of 210 in methanol followed by the addition of magnesium (which should form some 
methoxide and potentially cause in situ formation of the phenol product) mainly starting material was 
recovered. The oxidation must be much slower in pure methanol perhaps due to the poor solubility of 
the starting material. It has been previously reported that ozonides can be decomposed by base such as 
triethylamine (Scheme 69).110 
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Scheme 69- Possible mechanism of ozonide decomposition by base 
An attempt to workup an ozonolysis reaction of 210 with K2CO3 (triethylamine was shown not to work in 
the phenol formation step) failed to form phenolic product. This failure suggests either that K2CO3 is not 
a strong enough base to decompose the ozonides or, more likely, that the reaction in fact does not 
proceed via a secondary ozonide intermediate due to the presence of methanol (Scheme 70).111 
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Scheme 70- Mechanism of ozonolysis in the presence of methanol 
2.2.2. Phenol Formation 
 
Having a robust route to the required diketone 205, the formation of phenols via an intramolecular 
aldol/elimination sequence could be investigated. It was thought that as well as the previously tried 
base-promoted aldol it may be possible to form phenols using catalytic acid. 
2.2.2.1. Base-promoted Aldol 
 
A variety of bases were tried for the cyclisation of the diketone 205 to the phenol 206 (Scheme 71). 
 
Scheme 71- Base-promoted phenol formation 
The results are summarised in the table below (Table 4). All of the reactions were performed by mixing 
the reagents together at room temperature.  
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Table 4- Room temperature phenol-forming results 
Entry Base 
(equiv) 
Solvent Concentration Time Yield 
of 
phenol 
206 
Other 
characterisable 
products 
1 K2CO3 (4) MeOH 0.15 M 7 h 38% - 
2 NaOMe (4) MeOH 0.15 M 46 h 38% - 
3 KOtBu (4) THF 0.15 M >1 week - SM 
4 Et3N (neat) neat 0.15 M 96 h - - 
5 KOtBu (4) THF/tBuOHa 0.13 M 90 h - SM 
6 DBU (4) DMF 0.10 M 60 h - - 
7 K2CO3 (8) MeOH 0.08 M 15 min 57% - 
8 DBU (4) THF 0.15 M 72 h - - 
9 K2CO3 (4) THF 0.15 M 72 h - SM 
10 Na2CO3 (8) MeOH 0.08 M 18 h 48% - 
11 CaCO3 (8) MeOH 0.08 M >3 weeks - SM 
12 Cs2CO3 (8) MeOH 0.08 M 30 min 47% - 
13 KHMDS (4) THF 0.08 M 20 h - - 
14 NaH (4) THF 0.08 M 20 h - - 
15 K2CO3 (8) MeOH 0.02 M 20 min 39% - 
16 K2CO3 (8) H2O 0.06 M 18 h - - 
17 K2CO3/ n-Bu4N.HSO4 
(8) 
tBuOH/ H2O 0.08 M 56 h 26% - 
18 NaHCO3 (8) MeOH 0.08 M 72 h 56% - 
19 NaOMe (8) NONE N/A 20 min 20% - 
20 K2CO3 (8) MeOH 0.08 M 10 min 51% - 
21 Li2CO3 (8) MeOH 0.08 M 166 h 49% - 
22 K2CO3 (2.1) MeOH 0.08 M 22 h 47% - 
23 NaOH (2.1) MeOH 0.08 M 30 min 54% - 
24 NH4CO3H (8) MeOH 0.08 M >4 weeks - SM 
a THF was added as the starting material was insoluble in tBuOH. 
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Phenolic product was only obtained with a protic solvent present (except when grinding the two 
reactants together neat,112 entry 4). The use of strong bases, such as NaH, resulted in no product being 
obtained but also consumption of the starting material (either through decomposition or oligomer 
formation; no recognisable products were detected).  
The evolution of the TLC profile during the reaction to form the phenol 206 was the same in all cases. 
First the starting material was converted into an intermediate of lower Rf. This was then converted into 
the phenol (with a higher Rf than the starting material [Figure 6]). 
 
Figure 6- TLC profile of the phenol-forming reaction
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It is possible that the low yields obtained may be because of the reactivity of proposed intermediates 
(for example 213 [Figure 7]) towards conjugate addition reactions creating high molecular weight 
oligomers which could not be isolated (See later for attempts to determine the identity of the 
intermediates). Alternatively intermolecular aldol reactions could be responsible for low yields (although 
the lack of concentration dependence in later reactions does not support this being a major side 
reaction).  
CO2MeTs
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Figure 7 
It was thought that the identity of the intermediate observed during the course of the reaction could be 
an enone (for example 213). This would match the observed polarity (the molecule still contains the 
polar sulfone unit in addition to an enone). If this or a similar compound were only slowly converted to 
the product by elimination, the side products could be resulting from addition to the enone. In order to 
minimise other processes it was thought that the elimination would be more thermodynamically 
67 
 
favoured at higher temperatures and so the lifetime of these reactive intermediates could be greatly 
reduced. 
The use of microwave irradiation was ideal for this as high temperatures can be achieved rapidly, with 
an even heat distribution; the closed system inside a sealed microwave vial also allows for heating of 
reactions above the ambient-pressure boiling point of the solvent. Results obtained utilising microwave 
irradiation are summarised below (Table 5). 
Table 5- Microwave phenol-forming results 
 
Entry Base Equivalents of 
base 
Concentration Time / min Yield of 206 
1 K2CO3 2.1 0.04 M 10 77% 
2 K2CO3 2.1 0.025 M 10 75% 
3 K2CO3 2.1 0.04 M 5 75% 
4 K2CO3 2.1 0.50 M 5 73% 
5 K2CO3 2.1 0.16 M 10 73% 
6 Na2CO3 2.1 0.16 M 10 51% 
7 Li2CO3 2.1 0.16 M 180 77% 
8 Cs2CO3 2.1 0.16 M 10 76% 
9 NaHCO3 2.1 0.16 M 40 83% 
10 NaHCO3 8 0.16 M 30 83% 
11 NaHCO3 2.1 0.16 M 30 80% 
12 KHCO3 2.1 0.16 M 30 82% 
13 CsHCO3 2.1 0.16 M 30 82% 
14 NaOMe 2.1 0.16 M 30 43% 
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The results from the microwave experiments were an improvement over those from stirring at room 
temperature. The best results were obtained by using NaHCO3 (entries 9-11). The results for caesium 
and potassium bicarbonate (entries 13 and 12) were as high, but the cost of these bases is far higher and 
they provided no additional benefits. The low yield observed when Na2CO3 was used as a base (entry 6) 
was unexpected and, as yet, no logical reason for this observation has been formulated. 
The results also show that the concentration or number of equivalents of base added has little effect on 
the yield. The minimum amount of base is theoretically 2 equivalents (as one equivalent of acid is lost in 
the reaction and the phenol product is acidic). To check this was the case, a smaller amount of base (0.6 
equivalents) was added to the reaction. Even after prolonged microwave heating at 120 °C starting 
material and an intermediate spot were still visible by TLC. 
The temperature of the reaction was also varied around the previously used 100 °C keeping all other 
variables constant (0.16 M, 2.1 equiv NaHCO3, Table 6).  
Table 6- Effect of temperature on phenol formation 
Temperature (°C) Time / min Yield of 206 
120 30 81% 
100 40 83% 
80 90 67% 
 
Whilst raising the temperature above 100 °C had a negligible effect on the yield, lowering the 
temperature resulted in a significant decrease. Performing the reaction at lower temperature also 
increased the time taken for complete consumption of starting material.  
The reaction also was conducted in methanol under reflux. The advantage of this method of heating is 
that the base can be added while the solution is already heated, so no reaction will occur at lower 
temperatures where yields were found to be lower (however higher temperatures cannot be reached by 
this method of heating). This gave a lower 53% yield after 7.5 h (Scheme 72). 
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Scheme 72- Formation of phenol 206 under reflux 
In an attempt to determine the identity of the intermediate observed by TLC, the reaction was 
conducted in deuterated methanol and followed by 1H NMR analysis. Unfortunately this did not provide 
any conclusive evidence as to the identity of the intermediate. Any reactive dienes (or isolated alkenes) 
should react with an added diene or dienophile (by a Diels–Alder reaction). By adding four equivalents 
of freshly cracked cyclopentadiene to the reaction mixture and then irradiating as usual it was hoped a 
Diels–Alder adduct would be formed, which would unambiguously identify one of the intermediates (for 
example 213 [Figure 7]). Unfortunately the reaction did not give any products (such as 214, [Scheme 
73]) other than the phenol 206. This result cannot rule out the presence of electron-deficient alkenes, as 
the cyclopentadiene will not necessarily react faster than other competing processes occur. The 
cyclopentadiene is also likely to be in equilibrium with both its anion and dicyclopentadiene under the 
reaction conditions. 
 
Scheme 73- Possible trapping of proposed reactive intermediate from phenol formation 
2.2.2.2. Acid-promoted Aldol 
 
Addition of acid to the diketone 205 should promote tautomerisation to the reactive enol form, allowing 
cyclisation onto the other ketone (which can also be activated by the acid). The first reaction attempted 
was to dissolve the substrate in neat TFA; after stirring overnight at room temperature the starting 
material was consumed and purification (by column chromatography) gave a small amount of material 
(as part of a mixture) which showed some strongly deshielded aromatic proton signals. This was 
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tentatively assigned as the trifluoroacetate of the desired phenol 215 (Figure 8), although its instability 
made confirmation impossible. Attempting the same reaction in the microwave (100 °C, 10 min) 
resulted in a different TLC profile with no defined product signals visible, which suggests that the 
conditions were too harsh and resulted in decomposition of any product that was formed.  
 
Figure 8- A phenol trifluoroacetate 
The use of a sub-stoichiometric sulfuric acid in methanol, both with stirring at room temperature or in 
the microwave, resulted in no identifiable products. Using catalytic PPTS also gave none of the phenolic 
product. Some success was achieved by using hydrochloric acid in methanol (1.25 M) as the solvent. In 
the microwave no products were isolated; however after stirring at room temperature a product was 
isolated, its identity was confirmed as the methyl ether of the phenol 216 (Scheme 74). 
 
Scheme 74- Formation of a phenol methyl ether using an acid-promoted aldol reaction 
This unexpected product is proposed to be formed by the following mechanism (Scheme 75). 
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Scheme 75- Proposed mechanism of phenol methyl ether 216 formation 
The unlikely possibility that the phenol was converted to its methyl ether 216 was ruled out by 
submitting some previously prepared phenol 206 to the same reaction conditions, recovering only the 
phenol. 
2.2.3. Scale-up of the Phenol-forming Reaction 
 
So far the reactions had all been performed on small-scale (~0.5 mmol), for which the optimum 
conditions were found to be use of slightly over two equivalents of NaHCO3 in the microwave for 30 min 
at 100 °C. In order to show that this method was amenable to scale-up, the reaction was performed on a 
larger scale (Table 7).  
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Table 7- Scale-up of the phenol-forming reaction 
 
Entry Amount of SM mmol Time Concentration Yield of 206 
1 160 mg 0.47 40 min 0.16 M 83% 
2 960 mg 2.82 2×30 min 0.16 M 79% 
3 1.92 g 5.64 2×30 min 0.31 M 74% 
4 4.20 g 12.3 3×30 min 0.68 M 64% 
 
When the reaction was directly scaled-up (entry 2) it gave a similar yield to the original best result (entry 
1); however at this point the capacity of the available microwave vials became a limiting factor and the 
concentration was increased, giving a noticeable drop in yield and longer reaction times (entries 3 and 
4). The increased reaction time and perhaps also the decrease in yields, could be due to the limited 
solubility of the starting material 205 in methanol (at 0.16 M all of the starting material could be 
dissolved at room temperature but not at higher concentrations).  
2.3. Phenol Library Synthesis 
 
With a route to this phenol optimised, the scope of the reaction was investigated by varying the 
substituents on the 1,6-diene. As was previously shown these dienes were to be prepared by a 
palladium-catalysed allylation of methyl 2-tosylacetate 191. Previous work in the group had been 
performed using allylic tosylates; however an interesting reaction had been found which allowed the 
direct addition of two different allyl electrophiles, in one-pot, using allylic carbonates (217 and 218 
[Scheme 76]).97  
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CO2MeTs
CO2MeTs
OCO2Me OCO2MeCO2MeTs CO2MeTs
(i) (ii)
(i) 217 (1 equiv), Pd2(dba)3 (5 mol%), PPh3 (50 mol%), THF, 60
oC, 1 h
(ii) 218 (1.5 equiv), 60 oC, 2 h
96% 3%
217 218
219 210220191
Scheme 76- Previously performed one-pot bis-allylation of the 2-tosylacetate 
To allow further investigation of this result, it was decide to form allylic carbonates and add them using 
Tsuji’s palladium-catalysed allylation reaction114 under neutral conditions as above. This method of 
palladium-catalysed allylation occurs without any added base; instead the carbonates generate 
methoxide in situ as shown below (Scheme 77). 
CO2MeTs R
O O
O
CO2MeTs
R
CO2MeTs
R
(PPh3)2Pd
Pd(PPh3)4
CO2 MeO
-2(PPh3) +2(PPh3)
CO2MeTs
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Scheme 77- Mechanism of allylation under neutral conditions 
To form these allylic carbonates 221 a range of 2-substituted allylic alcohols 222 were required (Scheme 
78); unfortunately these were for the most part not commercially available.  
 
Scheme 78- Formation of allylic carbonates 
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2.3.1. Synthesis of Allylic Carbonates 
 
For the introduction of the simplest allylic electrophiles, the commercially available halides were used 
(methallyl chloride 211 and allyl bromide 223) in the absence of palladium catalyst. However, to 
investigate the one-pot addition of two different allyl electrophiles, commercially available methallyl 
alcohol 224 was converted to its methyl carbonate 217 using methyl chloroformate and pyridine with 
catalytic DMAP (Scheme 79).  
 
Scheme 79- Synthesis of methallyl carbonate 217 
Several methods for the formation of 2-substituted allylic alcohols have been reported in the literature. 
The first method investigated was the addition of Grignard reagents to propargyl alcohol 225 with Cu(I) 
catalysis.115 It has been reported that this gives good yields of product with a range of aryl and alkyl 
Grignards. This was attempted with benzyl, phenyl, isopropyl, octyl, neopentyl and ethyl Grignard 
reagents, and the results are summarised below (Table 8). 
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Table 8- Grignard additions to propargyl alcohol 
 
Entry R Conditions (equiv) Yield (product) 
1 Bn BnMgCl 1.86 M in THF (2.5), CuI (0.1), Et2O, −10 
°C→rt, o/n 
0%a 
2 Ph PhMgCl 1.41 M in THF (3), CuI (0.1), Et2O, −10 °C→rt, 
20 h 
55% (226) 
3 iPr iPrMgCl 1.75 M in THF (3), CuI (0.1), Et2O, −10 °C→rt, 
18 h 
Trace by NMR 
4 Octyl OctylMgCl 1 M (prepared freshly) in THF (3), CuI (0.1), 
Et2O, −10 °C→rt, 18 h 
64%b (227) 
5 Neopentyl NeopentylMgBr 1 M (prepared freshly) in THF (3), CuI 
(0.1), Et2O, −10 °C→rt, 18 h 
49% (228) 
6 Ethyl EtMgCl 1.64 M in THF (3), CuI (0.1), Et2O, −10 °C→rt, 
18 h 
Inseparable mixture 
used crude in next 
reaction (229) 
a The only product formed was identified as 1,2-diphenylethane (two further attempts were also unsuccessful the 
second with 3 equiv of Grignard) 
b A further 16% was present mixed with octanol by 1H NMR 
 
The results were disappointing with only the phenyl and octyl substituted allylic alcohols being isolated 
cleanly and in good yield. Repeated attempts with benzyl Grignard reagents failed to give any of the 
desired product. Use of ethyl Grignard gave the desired allylic alcohol 229, but unfortunately it could not 
be separated from propargyl alcohol by distillation. Reaction of this crude mixture with Boc anhydride 
gave another inseparable mixture of the corresponding carbonates, after both distillation and column 
chromatography. 
The successfully formed alcohols were subsequently converted into the carbonates by reaction with 
methyl chloroformate as previously (Table 9). 
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Table 9- Carbonate formation from allyl alcohols 
 
Entry R Yield (product) 
1 Ph 84% (230) 
2 Octyl 78% (231) 
3 Neopentyl 67% (232) 
 
Another reported method for the formation of allylic alcohols was by α-methylenation of aldehydes; this 
formed enals which could then be reduced to allylic alcohols. The organocatalytic methylenation of 
aldehydes was reported by Erkkilä and Pihko in 2006 and was applied to form the benzyl-substituted 
allylic alcohol 233. Commercially available 3-phenylpropanal 234 was methylenated with formaldehyde; 
then the intermediate enal was reduced, with sodium borohydride, to give the allylic alcohol 233. 
Purification problems116 meant that the semi-crude allylic alcohol was converted to the carbonate 235 
with methyl chloroformate (Scheme 80). 
OPh Ph OH Ph OCO2Me
234 233 235
(i)
(ii)
(i) Formaldehyde(aq) (37%,1 equiv), propionic acid (10 mol%), pyrrolidine (10 mol%),
iPrOH, 45 oC, 3 h
(ii) NaBH4 (1 equiv), rt, 20 h
(iii) Methyl chloroformate (2 equiv), pyridine (2 equiv), DMAP (5 mol%), CH2Cl2, rt, 20 h
(iii)
24% (2 steps)
 
Scheme 80- Formation of allylic carbonate 235 
In this case the poor overall yield obtained (compared to subsequent results) can be attributed to 
technical difficulties with purification. The large range of available aldehydes makes this a preferred 
route for future allylic alcohol synthesis. 
Another class of electrophiles that were thought interesting were those containing heteroatoms. Use of 
the carbonate shown below (236 [Scheme 81]), could provide a route to mono-protected catechols 237.  
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Scheme 81- Formation of mono-protected catechols 
The formation of this carbonate was attempted in two ways both starting from 2-methylenepropane-
1,3-diol 238; firstly, the diol 238 was reacted with benzaldehyde or benzaldehyde dimethylacetal giving 
a cyclic acetal 239, which was then cleaved with DIBAL-H giving the desired allylic alcohol 240 (Table 10).  
Table 10- Formation of allylic alcohol 240 
 
Entry Step Conditions (equiv) Yield (product) 
1 (i) Benzaldehyde (2), PTSA (0.3), DMF, 70 °C, 3 h 51% (239) 
2 (i) Benzaldehyde dimethylacetal (2), PTSA (0.3), DMF, 4 Å MS, 70 °C, 6 h 68% (239) 
3 (i) Benzaldehyde (1.5), PPTS (0.3), DMF, 70 °C, 6 h 23% (239) 
4 (ii) DIBAL-H 1M in CH2Cl2 (1.2), CH2Cl2, rt, o/n 43% (240) 
5 (ii) DIBAL-H 1M in CH2Cl2 (2), CH2Cl2, rt, 3 days 73% (240) 
6 (ii) DIBAL-H 1M in CH2Cl2 (2), CH2Cl2, rt, 60 h 0% (240) 
 
Unfortunately the DIBAL-H reduction proved capricious, the third attempt failing to give any of the 
desired product after chromatography. Therefore a second route was investigated in order to provide 
the required material quickly. Direct benzylation of the diol gave the allylic alcohol easily; albeit in poor 
yield and with the formation of some dibenzylated product (Scheme 82).  
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OHOH OBnOH OBnBnO
(i)
(i) NaH (1 equiv), THF, 0 oC, 1h
(ii) BnBr (1 equiv), rt, 96 h
(ii)
37% 1.3 %238 240 241
 
Scheme 82- Direct mono-benzylation to form allylic alcohol 240 
Reaction of the formed allylic alcohol 240 with methyl chloroformate was performed by the previously 
described method, isolating the carbonate 236 in generally good yields (90%, 58%, 90%, 3 runs).  
A second heteroatom containing electrophile with an O-Ph rather than O-Bn group was also thought to 
be interesting, as the use of this electrophile could give diaryl ether products (such as 242 [Scheme 83]).  
 
Scheme 83- Diaryl ether formation 
This carbonate 243 was prepared from the same diol 238 starting material by first introducing the 
carbonate with Boc anhydride (giving the mono-carbonate 244, on scale-up a small amount of the bis-
carbonate 245 was isolated) and then by Mitsunobu reaction with phenol (Table 11). The use of 
ultrasound to encourage this transformation was attempted giving excellent results on a small-scale 
(entry 5). However this did not prove the case on scaling the reaction to the required quantities; 
satisfyingly standard stirring proved equally effective and gave excellent results on larger scale (entry 7). 
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Table 11- Formation of allylic carbonate 243 
 
Entry Step Scale 
(mmol) 
Conditions (equiv) Yield 
(product) 
1 i 5.7 Boc2O (1), DMAP (0.1), CH2Cl2 ~0.57 M, rt, 24 h  65% (244) 
2 i 25 Boc2O (1), DMAP (0.1), CH2Cl2 ~0.57 M, rt, 48 h 75% (244) 
3 i 25 Boc2O (1), DMAP (0.1), CH2Cl2 ~1.1 M, rt, 40 h 69% (244) 
4 i 79 Boc2O (1), DMAP (0.1), CH2Cl2 ~0.57 M, rt, 20 h  83% (244), 
8.6% (245) 
5 ii 1.1 Phenol (1), DIAD (1), PPh3 (1), THF ~3 M, Ultrasound, rt, 18 h  88% (243) 
6 ii 5.3 Phenol (1), DIAD (1), PPh3 (1), THF ~3 M, Ultrasound, rt, 4 h 64% (243) 
7 ii 16 Phenol (1), DIAD (1), PPh3 (1), THF ~1.4 M, rt, 18 h  93% (243) 
8 ii 53 Phenol (1), DIAD (1), PPh3 (1), THF ~0.75 M, rt, 20 h  68%
a (243) 
a The lower yield in this case could be due to the use of an automated purification system, which although 
provided pure product may have not collected all of the material. 
Carbonates containing nitrogen atoms 246 were also of interest, as these could potentially be converted 
into aminophenols (247 and those with pendant amines 248 [Scheme 84]).  
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Scheme 84- Proposed route to aminophenols 
It was hoped that the same Mitsunobu chemistry could be applied to form carbonates of this type, 
where the nitrogen substituents were electron withdrawing groups. Unfortunately the Mitsunobu 
reaction with both toluenesulfonamide and phalimide, using the same conditions as previously, with 
alcohol 244 did not proceed to give the desired products.  
As 2-methylenepropane-1,3-diol 238 was an important starting material for a range of carbonates, an 
attempt was made to synthesise it following reported procedures. First freshly cracked cyclopentadiene 
was reacted with acrolein giving a Diels–Alder adduct 249 (Scheme 85). This was attempted both as an 
emulsion in water117 and neat (very exothermic); the former method gave superior results (and gave 
greater selectivity for the endo isomer). 
 
Scheme 85- Diels–Alder reaction to form cycloadduct 249 
81 
 
Then aldol reaction with formaldehyde gave a diol 250 (the formaldehyde also acting as a reductant 
[Scheme 86]).118  
 
Scheme 86- Aldol and reduction to diol 250 
This diol should give the desired product after a retro-Diels–Alder reaction (Scheme 87). 
 
Scheme 87- Retro Diels–Alder reaction 
Unfortunately there were practical difficulties in obtaining the required temperatures for the reaction to 
happen (230-300 °C). A small sample was successfully converted into the diol by heating in a sealed 
tube, although this method was not suitable for scale-up. Use of microwave irradiation failed to give the 
product due to the poor microwave absorption of the substrate. At this point the diol was sourced in a 
more economical manner so this work was put on hold. 
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These methods provided the nine allyl electrophiles for the phenol library (Figure 9). 
OCO2Me
Ph
OCO2Me
Bn
OCO2Me
Octyl
OCO2Me
OCO2Me
OCO2MeOBn OPh OBoc
Br Cl
Commercially available
Oxygenated
223 211
217 230 231 232235
236 243
 
Figure 9- Allyl electrophiles 
2.3.2. Allylations 
 
The next stage towards the formation of the phenol library was the allylation of methyl 2-tosylacetate 
191 to form 1,6-dienes 194 (Scheme 88). 
CO2MeTs
CO2MeTs
R1 R2
191 194  
Scheme 88- Formation of 1,6-dienes 
These reactions were performed in four distinct ways; firstly as one-pot reactions adding two different 
electrophiles sequentially; secondly mono-allylations; thirdly bis-allylations using the same electrophile 
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to make symmetrical dienes and finally single allylations of pre-formed mono-allylated material. These 
are referred to as one-pot 0-1-2, 0-1, 0-2 and 1-2 allylations respectively (relating to the number of 
alkene groups in the starting material and product). 
2.3.2.1. One-pot 0-1-2 
 
Previous work in the group had shown that the rates of the first and second allylation were different 
enough to form unsymmetrical dienes in one-pot using sequential addition of the allylic electrophiles.97 
Only one case was shown (Scheme 76). To see if this process could be useful in forming this new library 
of dienes this chemistry was repeated with another pair of allylic carbonates (236 and 217 [Scheme 89]). 
 
Scheme 89- One-pot bis-allylation 
This resulted in the formation of the desired unsymmetrical product 252 in moderate yield with, 
unfortunately, some of the undesired symmetrical compound 210. A second attempt using phenyl and 
methyl substituted carbonates (230 and 217) gave the desired product 253 as an inseparable mixture 
with the symmetrical diene 254 (Figure 10). 
CO2MeTs
Ph
CO2MeTs
Ph Ph
254253
3:1  
Figure 10- Inseparable mixture of dienes 
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It was felt however, that the benefits of this method of forming complex molecules in one step were 
outweighed by the difficulties that could be encountered in purifying the mixtures; therefore the 
remaining unsymmetrical dienes were formed by a longer two pot route. This method required the 
formation of large quantities of some mono-allylated products followed by reaction of these with a 
range of other carbonates to make different unsymmetrical dienes. 
2.3.2.2. Allylations 0-2 
 
Symmetrical dienes were formed by a one-pot bis-allylation. Using a slight excess of electrophile and 
refluxing in THF gave the desired dienes in good yields (Table 12). 
Table 12- Allylations 0-2 
 
Entry R1 R2 Conditions (equiv) Yield 
(product) 
1 Me N/Aa 211 (8), DBU (8), NBu4I (1.51), rt, 7 h 91% (210) 
2 CH2OBn Me 236 (2.2), Pd2(dba)3 (0.05), PPh3 (0.2), THF, 67 °C, 1 h 94% (255) 
3 CH2OPh Boc 243 (2), Pd2(dba)3 (0.05), PPh3 (0.2), THF, 67 °C, 1 h 85% (256) 
4 Octyl Me 231 (2.2), Pd2(dba)3 (0.05), PPh3 (0.2), THF, 67 °C, 2 h 90% (257) 
5 Bn Me 235 (2.2), Pd2(dba)3 (0.05), PPh3 (0.2), THF, 67 °C, 1.5 h 95% (258) 
6 Ph Me 230 (2.2), Pd2(dba)3 (0.05), PPh3 (0.2), THF, 67 °C, 2.5 h 75% (254) 
a The commercially available halide was used rather than a carbonate (as shown previously) 
2.3.2.3. Allylations 0-1 
 
The simplest two mono-allylated compounds 219 and 259 were formed by use of the commercial halide 
electrophiles. In these cases significant amounts of the useful bis-allylated material were also isolated. 
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The other alkenes were formed using palladium catalysis and the pre-synthesised carbonates, also 
sometimes isolating some of the bis-allylated material (Table 13). 
Table 13- Allylations 0-1 
 
Entry R1 R2 Conditions (equiv) Mono-allylated 
(product) 
Bis-allylated 
(product) 
1 Me N/Aa  211 (0.94), DBU (1.9), DMF, rt, 18 h 70% (219) 9% (210) 
2 H N/Aa 223 (1), DBU (2), DMF, rt, 66 h 61% (259) 13% (260) 
3 Ph Me 230 (1), Pd2(dba)3 (0.05), PPh3 (0.2), 
THF, 67 °C, 1 h 
87% (261) 6% (254) 
4 Octyl Me 231 (1), Pd2(dba)3 (0.025), PPh3 (0.1), 
THF, 67 °C, 1 h 
87% (262) Not isolated 
(co-eluted 
with dba?) 
5 CH2OBn Me 236 (1), Pd2(dba)3 (0.025), PPh3 (0.1), 
THF, 67 °C, 2 h 
92% (263) - 
6 CH2OPh Boc 243 (1), Pd2(dba)3 (0.05), PPh3 (0.2), 
THF, 67 °C, 2 h 
Mixture of mono (264) and bis-
allylation (256) compounds 
yields reported later over 2 
steps (~7:1)- Mixture 1 
7 CH2OPh Boc 243 (1), Pd2(dba)3 (0.025), PPh3 (0.1), 
THF, 67 °C, 2 h 
Mixture of mono (264) and bis-
allylation (256) compounds 
yields reported later over 2 
steps (~12.5:1)- Mixture 2 
a Commercially available halides were used in these cases 
With a CH2OPh substituent, the mono 264 and bis-allylated 256 compounds could not be easily 
separated by chromatography. The semi-purified mixtures were reacted onwards and the yields are 
reported later (entries 6 and 7). The separation of the two products was easy in the majority of cases, 
but where a difficulty is encountered reversing the order of addition of the allyl groups would in most 
cases solve any problems.   
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2.3.2.4. Allylations 1-2 
 
The second allylations were performed using a slight excess of electrophile giving the desired products 
in good yields (Table 14). 
Table 14- Allylations 1-2 
CO2MeTs
R1
R2
CO2R
3
CO2MeTs
R1 R2
 
Entry R1 R2 R3 Conditions (equiv) Yield 
1 H Ph Me 259 (1), 230 (1.1), Pd2(dba)3 (0.05), PPh3 
(0.2), THF, 67 °C, 2 h 
94% (265) 
2 H Me Me 259 (1), 217 (1.1), Pd2(dba)3 (0.05), PPh3 
(0.2), THF, 67 °C, 2 h 
89% (266) 
3 Ph Me N/Aa 261 (1), 211 (4), DBU (4), Bu4NI (1), DMF, rt, 
18 h 
73% (253) 
4 CH2OPh
b  Me N/Aa 264, 256 mix (1), 211 (4), DBU (4), Bu4NI (1), 
DMF, rt, 20 h 
22% (267) and 
(256) 4.4%c 
5 Ph Octyl Me 261 (1), 231 (1.1), Pd2(dba)3 (0.05), PPh3 
(0.2), THF, 67 °C, 2 h 
70% (268) 
6 Me Neopentyl Me 219 (1), 232 (1.1), Pd2(dba)3 (0.05), PPh3 
(0.2), THF, 67 °C, 1 h 
88% (269) 
7 Me Octyl Me 219 (1), 231 (1.1), Pd2(dba)3 (0.05), PPh3 
(0.2), THF, 67 °C, 1 h 
40% (270)d 
8 Me CH2OPh Boc 219 (1), 243 (1.1), Pd2(dba)3 (0.05), PPh3 
(0.2), THF, 67 °C, 2 h 
83% (267) 
9 Me Bn Me 219 (1), 235 (1.1), Pd2(dba)3 (0.05), PPh3 
(0.2), THF, 67 °C, 1.5 h 
95% (271) 
10 Octyl Bn Me 262 (1), 235 (1.1), Pd2(dba)3 (0.05), PPh3 
(0.2), THF, 67 °C, 3 h 
94% (272) 
11 Octyl CH2OBn Me 262 (1), 236 (1.1), Pd2(dba)3 (0.05), PPh3 
(0.2), THF, 67 °C, 2 h 
98% (273) 
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12 CH2OPh
e  Bn Me 264, 256 mix (1), 235 (1.1), Pd2(dba)3 (0.05), 
PPh3 (0.2), THF, 67 °C, 2 h 
48% (274)c 
13 Ph Bn Me 261 (1), 235 (1.1), Pd2(dba)3 (0.05), PPh3 
(0.2), THF, 67 °C, 2 h 
75% (275) 
14 CH2OBn Ph Me 263 (1), 230 (1.1), Pd2(dba)3 (0.05), PPh3 
(0.2), THF, 67 °C, 2 h 
100% (276) 
a Using the commercially available chloride rather than the carbonate 
b Using the crude mixture obtained above (entry 6 [Table 13]), equivalents of reagents are based on the alkene 
being pure. 
c Over 2 steps 
d In this case the majority of the product co-eluted with dba. Both the pure product (40% yield) and the mixture 
were oxidised and the overall yield (over 2 steps) is reported later 
e Using the crude mixture obtained above (entry 7 [Table 13]), equivalents of reagents are based on the alkene 
being pure. 
With a range of 1,6-dienes prepared these were then converted to 1,5-dicarbonyls by ozonolysis. 
2.3.3. Oxidative Cleavage to 1,5-Dicarbonyls 
 
Prior to converting these dienes to the 1,5-dicarbonyls, the first test reaction was re-investigated to see 
if isolation of the dicarbonyls was necessary. Ozonolysis of the diene 210 was performed as usual 
however the crude reaction mixture (after stirring overnight with triphenylphosphine) was evaporated 
and the residue redissolved in methanol. Addition of NaHCO3 (2.1 equiv) and irradiation in the 
microwave at 100 °C for 30 min. gave the desired phenol product 206, but in greatly reduced yield (27% 
over 2 steps, cf. 58-81% for the two-pot route). Similarly, use of dimethylsulfide instead of 
triphenylphosphine in the workup, followed by irradiation as before, also gave reduced yields of the 
desired product (23% over 2 steps). This reduction in yields suggested that isolation of the unstable 
dicarbonyls by column chromatography would be preferable. 
The dienes were then subjected to ozonolysis using the optimised conditions (Table 15). 
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Table 15- Ozonolysis to form 1,5-dicarbonyls 
 
Entry R1 R2 Yield (product) 
1 Me Me 70-97% (10 runs)a (205) 
2 Me CH2OBn 88% (277) 
3 Ph H 71%b (278) 
4 CH2OPh CH2OPh 99% (279) 
5 Me Ph 81% (280) 
6 Me CH2OPh 93% and 80% (2 runs) (281) 
7 Octyl Ph 92% (282) 
8 Octyl Octyl 94% (283) 
9 Me Neopentyl 86% (284) 
10 Me Octyl 60% (over 2 steps)c (285) 
11 Me Bn 76%d (286) 
12 Bn Bn 96% (287) 
13 CH2OBn CH2OBn 98% (288) 
14 Octyl Bn 86% (289) 
15 Octyl CH2OBn 82% (290) 
16 CH2OPh Bn 93% (291) 
17 Ph Bn 87% (292) 
18 Ph CH2OBn 82% (293) 
a See previous section 
b This product appeared to be particularly unstable to chromatography and streaking was observed on TLC. 
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c Pure starting material was converted in 68% yield. The combined yield of this and the starting material dba 
mixture is shown above. 
d Initially the product was isolated in 95% yield; however it was not completely pure and a second column was 
performed. This gave a 76% yield of product but it was not noticeably cleaner, this suggests it is particularly 
unstable. 
Many of the compounds were isolated as oils (after chromatography) making further purification by 
recrystallisation impossible. In some later experiments it was observed that many of the dicarbonyls 
could be induced to crystallise from concentrated methanolic solutions. Although uncovered too late for 
many of these compounds, this finding should prove helpful for others attempting work on similar 
compounds. Even in cases with relatively electron-rich aromatics present (such as OPh) no aromatic ring 
oxidation was observed. 
The dicarbonyls were used immediately after purification and drying, because of their poor stability on 
storage (the compounds reddened and lower yields were obtained when not used in this way), to form 
phenols.  
2.3.4. Phenol Formation 
 
As was shown earlier, symmetrical diketones and those with a phenyl substituent (and therefore no α-
methylene) can only form one phenolic product.  
2.3.4.1. Unambiguous Cyclisations 
 
The substrates that could form only a single product were subjected to the optimised phenol-forming 
conditions, successfully giving the product in all cases (Table 16). 
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Table 16- Unambiguous cyclisations 
 
Entry R1 R2 Time 
(min) 
Concentration Yield (product) 
1 Me Me 40 0.16 M 
83% (206)
CO2Me
OH  
2 CH2OPh CH2OPh 30 0.14 M 
86% (294)
CO2Me
OPh OPh
OH
 
3 Me Ph 30 0.15 M 
53% (295)  
4 Ph Octyl 30 0.08 M 
94% (296)
CO2Me
Ph
Heptyl
OH
 
5 Octyl Octyl 60 0.16 M 
63% (297)
OH
CO2Me
Heptyl
Octyl
 
6 Bn Bn 30 0.16 M 
89% (298)
CO2Me
Bn
Ph
OH
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7 CH2OBn CH2OBn 30 0.16 M 
86% (299)
CO2Me
OBn OBn
OH
 
8 Bn Ph 30 0.15 M 
94% (300)
CO2Me
Ph
Ph
OH
 
9 Ph CH2OBn 30 0.12 M 
80% (301)
CO2Me
Ph
OBn
OH
 
 
Some of these products are interesting in their own right; for example 294 (entry 2) is a diaryl ether that 
could be difficult to obtain by traditional methods of aromatic substitution (although more recent 
approaches such as Buchwald-Hartwig chemistry have proved amenable to their formation119). 
Additionally 299 and 301 are mono-protected catechols; catechols are found in a huge range of natural 
products. Phenol 300 has an interesting three-ring structure and has been reported previously as an 
intermediate in triphenylene synthesis; Serra and co-workers reported the synthesis of a range of 
terphenyls 302 and the conversion of some into the triphenylenes 303 by oxidative cyclisation (Scheme 
90).120  
 
Scheme 90-Triphenylene synthesis 
The method developed herein could also be applied to make a range of intermediates of this type by 
variation of the aromatic groups on the allylic electrophiles. 
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2.3.4.2. Ambiguous Cyclisations 
 
In cases where two possible phenolic products can be formed it was a major aim of this project to find 
and rationalise any selectivity observed. Using the same phenol-forming conditions a further set of 
reactions were carried out (Table 17). 
Table 17- Ambiguous cyclisations 
 
Entry R1 R2 Time 
(min) 
Concentration Major product Minor product  
(if formed)a 
1 Me CH2OBn 30 0.16 M CO2Me
OBn
OH
 
58% (304) 
CO2Me
OH
OBn  
13% (305) 
2 Me CH2OPh 30 0.16 M CO2Me
OPh
OH
 
80% (306) 
CO2Me
OH
OPh  
16% (307) 
3 Me Neopentyl 30 0.16 M 
 
15% (308) 
 
0% (309) 
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4 Me Octyl 60 0.20 M 
OH
CO2Me
Heptyl  
43% (310) 
 
13% (311) 
5 Me Bn 30 0.18 M 
OH
Ph
CO2Me
 
81% (312) 
 
0% (313) 
6 Bn Octyl 30 0.16 M 
Ph
Octyl OH
CO2Me
 
78% (314) 
CO2Me
Bn
Heptyl
OH
 
0% (315) 
7 Octyl CH2OBn 50 0.16 M 
OH
OBn
Octyl
CO2Me
 
44% (316) 
CO2Me
Heptyl
OH
OBn  
29% (317) 
8 Bn CH2OPh 30 0.16 M CO2Me
OPh Ph
OH
  
83% (318) 
 
0% (319) 
a 0% yield denotes that this isomer was not detected by NMR or isolated. 
The overall yields of the products were comparable to those in the unambiguous cases. In four cases the 
reactions were completely selective, with only a single phenolic product being isolated (and observed in 
the crude NMR [entries 3, 5, 6 and 8]). With the neopentyl substituent on one side a very low-yielding 
reaction occurred giving the product 308 in a poor yield (entry 3). The complete selectivity and low yield 
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seem to be due to the steric hindrance caused by this large group; in the two competing aldol reactions 
to form the two possible products either an extremely hindered enolate attacks the other ketone, 
(322→323) or a less hindered enolate attacks a highly β-branched ketone (320→321 [Scheme 91]). From 
the results it seems that the later process dominates (although is slowed leading to loss of mass by 
unknown side reactions).  
CO2MeTs
O O
CO2MeTs
NaO O
CO2MeTs
O ONa
CO2MeTs
OH
O
OH
O
CO2MeTs
HO
CO2Me
OH
CO2Me
-H2O, TsH
284
308
309
320
321
322 323  
Scheme 91- The origin of regioselectivity with a neopentyl substituent 
More usefully, the presence of a benzyl substituent on one side made the reaction completely selective 
without having the same decrease in yield (entries 5, 6 and 8). The selectivity can be rationalised by 
comparison of the acidity of the competing side-chains in the cyclisation; the more acidic α-proton being 
preferentially removed to form the enolate. This effect can be compared to the approximate pKas
121 of 
the two sets of α-protons (comparing to the pKas of the similar aromatic ketones in order to ignore the 
other sets of α-protons that cannot participate in the reaction). From the results an order of reactivity of 
the side chains can be formulated which corresponds well to the pKa data (matching the most similar 
side chains [Scheme 92]). 
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Scheme 92- Order of reactivity of side chains 
Although the order of reactivity matches the observed results, the degree of selectivity does not 
correspond to the predicted differences in acidity. With the case of CH2OPh versus Me a selectivity of 
5:1 was observed; however with octyl versus Me a 3.3:1 selectivity was still observed despite the much 
smaller difference in pKa in this case. This suggests that there is still a second steric effect that affects 
the selectivity, as was seen clearly above (Scheme 91). The selectivity of the CH2OBn versus Me (entry 1) 
was also determined using the optimum room temperature conditions giving a similar selectivity (4.2:1 
cf. 4.5:1 entry 1) albeit in reduced yield (Scheme 93). 
 
Scheme 93- Selectivity in the phenol-forming reaction at room temperature 
This confirms that temperature does not have a major effect on selectivity. 
2.3.5. Phenol Library Conclusions  
 
A small library of phenols was formed to investigate the scope and selectivity of this phenol-forming 
reaction. A total of 21 phenols were formed, with the overall yields for the reactions in the range 53-
96%. The selectivity observed was related to both the side chain acidity and the size of the substituents. 
The use of a benzyl substituent gave complete selectivity in all cases attempted.  
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2.4. Keto-aldehydes  
 
Another class of 1,5-dicarbonyls that could potentially undergo a similar reaction are keto-aldehydes. In 
this case the cyclisation to form the phenol would be unambiguous, allowing access to less substituted 
phenols. The previously formed diene 266 was used as the starting material. Due to the instability of 
other more substituted keto-aldehydes that had been worked with (entry 3 [Table 15]) it was thought 
that isolation of the oxidation product by column chromatography would not be successful. Instead the 
crude reaction mixture (after stirring overnight with triphenylphosphine) was re-dissolved in methanol 
and subjected to the optimised microwave phenol-forming conditions (Scheme 94). Unfortunately no 
product was isolated (or any detected in the crude 1H NMR). 
 
Scheme 94- Attempted formation of phenols from keto-aldehydes 
To rule out inhibition of the desired reaction by either triphenylphosphine or triphenylphosphine oxide, 
the ozonolysis was repeated using solid supported diphenylphosphine. This was subsequently filtered 
off giving the crude, relatively pure, keto-aldehyde 324. When subjected to phenol-forming conditions in 
the microwave no product was detected. It is possible that the keto-aldehyde 324, being much less 
stable than the diketones, decomposes at the high temperatures in the microwave. The room 
temperature phenol-forming conditions developed were also tried, with no success.  
2.5. Keto-esters 
 
1,5-Keto-esters 325 were investigated also. In this case it was thought that it may be possible to form 
1,2,3-trihydroxy 326 or 1,3-dihydroxybenzenes 327 (Scheme 95). 
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Scheme 95- Proposed formation of phenols from keto-aldehydes 
Two problems existed with this strategy; firstly, the ester would be much less electrophilic than the 
corresponding ketone; secondly, the presence of a second ester functionality could lead to a different 
ring closure (5-exo trig rather than 6-exo trig). It was hoped that as the ring closure would be reversible, 
the desired aromatic product would eventually be formed.  
Firstly, methyl 2-tosylacetate 191 was alkylated with methyl bromoacetate 193 giving an approximately 
1:8:1 ratio of starting material 191 : product 328 : bis-alkylated product 329 (Scheme 96).  
CO2MeTs OMe
O
Br
CO2MeTs
CO2MeTs
MeO2C
CO2MeTs
CO2MeMeO2C
328 329
191
191 193
(i)
(i) NaH (1 equiv), DMF, rt, 22 h
1 equiv 1 equiv
8 : 1 : 1  
Scheme 96- Formation of mono-ester 328 
This mixture was reacted with two different allylic electrophiles to give the alkene products (330 and 
331 [Scheme 97]). 
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Scheme 97- Formation of alkenes 330 and 331 
Alkene 330 was then subjected to ozonolysis to form the keto-ester 332 (Scheme 98). 
 
Scheme 98- Ozonolysis to form a keto-ester 
This was then placed into a microwave vial and subjected to the previously optimised phenol-forming 
conditions. None of the phenolic product was observed by NMR. The evidence (1H NMR and accurate 
masses of the isolated fractions) suggested a mixture of the four possible elimination products (333-336) 
with no evidence of either 5-endo (giving 337 or 338) or 6-endo cyclisation (giving 339) (Scheme 99). 
This suggests that the ester is not electrophilic enough to react under these conditions. 
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Scheme 99- Results of attempted keto-ester cyclisation 
2.6. Introduction of Further Substituents 
 
One of the major limitations of this route to phenols is that substituents are limited to the 2-, 3- and 5-
positions of the phenol ring (Figure 11). 
4
3 2
1
6
5
R3
OH
R1
R2
 
Figure 11- Limit of phenol substitution 
This is a limitation of the palladium-catalysed allylation reactions used to form the dienes, as was 
mentioned earlier. Two ways around this problem have been explored; firstly by the use of chemistry 
developed previously in the group, the decarboxylative Claisen rearrangement.122  
The decarboxylative Claisen rearrangement is a variant of the Ireland–Claisen rearrangement.123 The 
rearrangement of allylic tosylacetates 340 proceeds to give homoallylic sulfones 341 via α-tosyl silyl 
ketene acetals 342. The ketene acetals first rearrange by [3,3] sigmatropic rearrangement to give the 
usual Ireland–Claisen intermediate 343, this then decarboxylates in situ (probably due to the anion 
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stabilising property of the sulfone) to give the product. The proposed catalytic cycle is shown below 
(Scheme 100). 
 
Scheme 100- Decarboxylative Claisen rearrangement
124
 
The substrate 340 is deprotonated, then silylated by in situ generated TMS acetate giving the silyl ketene 
acetal 342. A [3,3] sigmatropic rearrangement gives the γ,δ-unsaturated ester 343 which is desilyated 
and decarboxylated giving the product 341 and regenerating the TMS acetate.  
Diallylic 2-tosylmalonates 344 have also been shown to undergo dual decarboxylative Claisen 
rearrangement under conditions of microwave irradiation.124 These substrates can be formed by bis-
esterification of malonic acid equivalents, followed by tosylation with tosyl fluoride. Double 
decarboxylative Claisen rearrangement of these substrates gives 1,6-dienes 345 which in some cases 
have substituents that could not be incorporated using palladium-catalysed allylation (Scheme 101).  
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Scheme 101- Dual dCr to form 1,6-dienes 
The product 1,6-dienes 345 were converted by ozonolysis and ammonolysis to pyridines, or by ring-
closing metathesis and elimination to cyclopentadienes, by a co-worker108 (see later). The same 1,6-
dienes 345 could conceivably be converted to phenols by the previously described ozonolysis-aldol 
route. 
Another possible method of increasing the level of substitution of the 1,6-dienes would be to use the 
same allylation chemistry, but substituting rhodium for palladium. This has several drawbacks; rhodium 
complexes are generally less stable to air and moisture than the corresponding palladium complexes 
and the cost of rhodium is almost 20 times higher. However, in this case the advantage of using rhodium 
is the different bonding found in allyl rhodium complexes compared to their palladium counterparts. 
Palladium η3 allyl complexes are essentially symmetrical (given similar electronics and sterics at both 
ends of the complex). Once the complex is formed the molecule has no “memory” of which side of the 
complex was originally a double bond, or where the leaving-group was. However with rhodium 
complexes there is a distinct σ bond character to one side and pi bond on the other. On reaction with 
nucleophiles, in an SN2 reaction, the nucleophile is regioselectively placed at the same position as the 
original leaving-group (Scheme 102).  
Scheme 102- Regioselective allylations of rhodium allyl complexes 
This was demonstrated by Evans and co-workers using a modified Wilkinson catalyst.125 They used 
similar allylic carbonates with a malonate rather than tosylester 191. These conditions were applied to 
this system, attempting to increase the substitution. 
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A more highly substituted carbonate was formed by the addition of methylmagnesium bromide to 
methacrolein 346, followed by conversion of the alcohol 347 to the methyl carbonate 348 with methyl 
chloroformate ([Scheme 103] the low yield was probably due to losses by evaporation). 
  
Scheme 103- Formation of carbonate 348 
Unfortunately, reaction of this with tosyl acetate 191, applying the literature protocol, failed to give any 
reaction and no product 349 was isolated (Scheme 104). 
CO2MeTs
CO2MeTs
OCO2Me
191 348 349
(i)
(i) NaH (2 equiv), RhCl(PPh3)3 (5-10 mol%), tris(2,2,2-trifluoroethyl)phosphite (22-44 mol%),
THF, 30 oC, 22 h or MW 20 min 100 oC then 10 min 140 oC
2 equiv
 
Scheme 104- Attempted use of rhodium catalysis 
2.7. Decarboxylation and Alkylation 
 
The phenols described so far have been exclusively benzoic acid derivatives. In order to introduce more 
variety to this phenol library the previously reported98 decarboxylation and alkylation of the 1,6-diene 
intermediate 210 was attempted. Decarboxylation of the diene 210 using the previously reported98 
Krapcho126 conditions gave only a moderate 60 % yield of product 350 (200 mg scale); however, using 
microwave irradiation (240 °C) the reaction was completed in only 5 minutes, giving essentially pure 
material (after an aqueous wash) that crystallised after filtration through a pad of silica; under these 
conditions the yield of the reaction was greatly improved giving >90% on up to 1 g scale and 78-96% on 
3 g scale (Scheme 105). 
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Scheme 105- Krapcho decarboxylation of diene 210 
The decarboxylated diene 350 was then alkylated with various electrophiles, by formation of an α-
sulfone anion. Initial attempts (when the anion was formed at low temperature [−78 or −43 °C] and 
stirred for 1 h prior to addition of the electrophile) using benzyl bromide as the electrophile, in either 
THF or DME solvent, gave unreliable results (0-47% isolated yield of 351 with starting material 
recovered). Deprotonation at 0 °C followed by addition of electrophile after 30 seconds, gave the 
alkylation product 351 in greatly improved yields (73-91% in THF [3 runs] or 82% in DME [1 attempt]). 
Using these optimised conditions two other electrophiles were added; 1-iodononane and (S)-2-
isopropyl-1-tosylaziridine.127 The products in both cases were isolated in lower yields due the crowding 
around the tertiary anion combined with the lower electrophilicity of these reactants. The results are 
summarised below ([Scheme 106] only the best result for benzyl bromide is shown) 
Ts
350
(i)
(ii)
(i) n-BuLi (in hexanes, 1.1 equiv), THF, 0 oC, 30 sec
(ii) R-X (1.5 equiv), rt, o/n
RTs
(i) N
Ts
1.5 equiv, rt o/n
Ts
TsHN
30% as a 1:1 mixture of diastereoisomers
+ a mixture of both SMs
R-X= BnBr 91% 351
R-X= 1-iodononane 66% 352
353
 
Scheme 106- Alkylation of diene 350 
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Two of the alkylated dienes128 (351 and 352) were converted by ozonolysis to the corresponding 
diketones (Scheme 107).  
RTs RTs
O O
1. O3, CH2Cl2/MeOH, -78
oC
2. PPh3 (3 equiv)
R=Bn 94% 354
R=Nonyl 82% 355
R=Bn 351
R=Nonyl 352
 
Scheme 107- Ozonolysis of alkylated dienes 
These diketones appeared to be particularly unstable; the benzyl substituted compound 354 turned 
from a white solid to a red one in <2 h on storage at rt. Conversion of the benzyl diketone 354 to the 
corresponding phenol 356 by the previously optimised reaction conditions gave only a moderate 53% 
yield of product. A short re-optimisation of the reaction conditions suggested that CsHCO3 was a slightly 
superior base for this conversion (59% isolated yield [Scheme 108]). The use of room temperature 
conditions (K2CO3, 8 equivalents) gave a reduced 46% yield of impure material. 
 
Scheme 108- Formation of benzyl substituted phenol 356 
The nonylated material 355 on subjecting to the optimised conditions gave an unexpected result 
(Scheme 109). 
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Scheme 109- Attempted formation of nonyl substituted phenol 357 
The phenol 357 was isolated in low yield, as a mixture with toluenesulfinic anhydride 358 (as a 1:1 
mixture of diastereoisomers). This by-product was often found in the crude reaction mixtures but 
usually easily removed during chromatography. It is formed during the acidic workup by dehydration of 
the eliminated acid.129 The phenol methyl ether 359 was also isolated in poor yield from this reaction. 
This is proposed to form by acid-catalysed cyclisation of the remaining starting material during workup 
(similar to the direct use of HCl in MeOH [Scheme 74]). In this case, as consumption of starting material 
could not be judged easily by TLC, conversion was obviously incomplete prior to workup. Repeating this 
reaction and ensuring near total consumption of starting material, by variation of the TLC system, gave 
an improved 32% yield of phenol 357 (still mixed with by-product 358, 61% phenol by mass) with only a 
trace of methyl ether 359 isolated. 
2.8. Removal of Substituents 
 
After demonstrating the ease of decarboxylation of the trial substrate 210, it was proposed that the 
decarboxylated material 350 could itself be converted into the corresponding phenol by the previously 
used method. The phenol target in this case being 3-methylphenol 360. The decarboxylated material 
350 was first oxidised to the diketone 361 in good yield; however on subjecting this material to the 
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previously optimised phenol-forming conditions the phenolic product 360 was not observed (Scheme 
110). 
Scheme 110- Attempted formation of 3-methylphenol 360 
Instead the reaction gave clean conversion to a single product that was identified as the aromatic 
diketone 362 shown above. The yield was found to be quantitative (given that the product must be 
formed from two equivalents of the starting material). This surprising result was rationalised by the 
mechanism proposed below (Scheme 111). 
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Scheme 111- Proposed mechanism for the formation of aromatic diketone 362 
The starting material is first proposed to undergo retro-Michael addition, forming an enone with a β-
leaving-group 363. Conjugate addition/elimination of a second molecule of starting material, followed 
by aldol ring closure gives the cyclic precursor 364 at the correct level of oxidation to aromatise upon 
elimination. It was thought that this pathway may occur in this case because the intermediate enone 
generated (363) is much less hindered (without decarboxylation it would be β,β-disubstituted) so 
addition of the hindered starting material enolate can occur (as well as the reverse reaction). The 
reaction is driven to completion by both the volatility of acetone (although it is in a sealed system) and 
the aromaticity of the product. 
To test the generality of this method for the generation of aromatic diketones two other symmetrical 
dienes were decarboxylated (258 and 255). These were then oxidatively cleaved to give the diketones 
(Scheme 112).  
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Scheme 112- Ozonolysis of two decarboxylated dienes 
Unlike the original diketone substrate 361 retro-Michael addition would not generate volatile acetone 
so it was thought that in these cases the phenolic products may be formed in addition to the aromatic 
diketones. 
The first of these examples (R=Bn 367) partially decomposed prior to exposure to the microwave 
conditions, and gave an inseparable mixture of compounds that could not be definitively identified. The 
1H NMR spectrum did show three deshielded aromatic signals with the predicted coupling pattern for 
the aromatic diketone 369, but no solid information could be gathered from this experiment. The 
second diketone 368 was isolated cleanly and when subjected to the microwave phenol-forming 
conditions did give the aromatic diketone product 370, in a 39% yield, without any trace of the phenolic 
product (Scheme 113). 
 
Scheme 113- Aromatic diketone synthesis 
This method of forming aromatic diketones could be extended to include asymmetrical diketones 371 
giving possible mixtures of products (372-375 [Scheme 114]). 
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Scheme 114- Possible outcomes of aromatic diketone synthesis with unsymmetrical substrates 
The requirement for two equivalents of diketone to form each aromatic ring makes this an inefficient 
method of aromatic ring synthesis; however it may be possible to reduce the amount of waste by adding 
a molecule similar to one of the proposed intermediates into the reaction mixture. An example would 
be ethynyl ketones which if they could condense with the diketone would eliminate the majority of the 
waste. 
2.9. Anilines 
 
Previous work had demonstrated that 1,5-diketone 205 could be converted to the corresponding aniline 
376, in low yield, by addition of ethylamine (Scheme 115).97 
 
Scheme 115- Aniline formation as previously demonstrated within the Craig group 
This reaction was re-investigated in order to improve the range of amines that could be used. This 
original reaction was repeated using microwave irradiation (100 °C, 10 min in MeOH) obtaining a lower 
8% yield of 376. 
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Two other amines were also reacted with the diketone; cyclohexylamine and diethylamine. Both of 
these gave the desired aniline products in low yields at room temperature (377 and 378 [Scheme 116]). 
Phenol 206 formation was also observed in both cases in small amounts (<25% yield). 
 
Scheme 116- Formation of anilines 
The formation of anilines is proposed to occur by initial condensation of the amine with one of the 
ketones then enamine formation and cyclisation. The phenol by-product can be formed by the direct 
action of the amine as a base.  
2.10. Nitrobenzenes 
 
Nitrobenzenes are another group of aromatics that could conceivably be formed from the same 1,5-
dicarbonyl intermediates. Henry type addition of the anion of nitromethane to both ketones, followed 
by elimination of two equivalents of water and toluenesulfinic acid, would give a substituted 
nitrobenzene (Scheme 117). These could then be reduced to anilines with a different substitution 
pattern to those formed directly (in the previous section). 
 
Scheme 117- Proposed nitrobenzene formation 
Unfortunately repeated attempts to form nitrobenzene 379 from diketone 205 by addition of 
nitromethane and base in methanol or neat in nitromethane failed, giving instead low ~20% yields of the 
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corresponding phenol 206. In the future this reaction should be attempted with keto-aldehyde 
substrates which may be sufficiently electrophilic to allow the first addition to proceed.  
2.11. Pyridines 
 
While attempting to form phenols, weak bases such as NaHCO3 gave the best results. The use of 
ammonium bicarbonate as a base failed to form the trial phenol 206 at room temperature after almost a 
month stirring. After microwave heating the corresponding pyridine 380 was instead isolated. Repeating 
the reaction using fresh starting material (Scheme 118) gave the pyridine 380 in excellent yield with no 
purification other than an aqueous workup required.  
 
Scheme 118- Pyridine synthesis using microwave irradiation 
At temperatures >60 °C ammonium bicarbonate decomposes to a mixture of ammonia, water and CO2 
providing the ammonia source for the reaction. The formation of pyridines using this method has since 
been shown to work well for a selection of 1,5-dicarbonyls (prepared by decarboxylative Claisen 
rearrangement); as well as being faster than use of conventional ammonia sources (ammonia in alcohol 
solution) it also seems to provide improved yields with less stable substrates when an aldehyde is 
present.108 The use of ammonium bicarbonate in pyridine synthesis has been reported previously in a 
variant on the Hantzsch synthesis (Scheme 119).130  
OEt
OO
+
R
+ NH4CO3H
N
H
CO2EtEtO2C
R
1.0 equiv 1.25 equiv
70-86%
MeOH
2.5 equiv
381
O
 
Scheme 119- A previously reported use of ammonium bicarbonate to form 1,4-dihydropyridines 
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In this case conventional heating was used resulting in a slower decomposition of the ammonium 
bicarbonate and longer reaction times. The absence of a leaving-group results in the product 1,4-
dihydropyridines 381 needing a separate oxidation step to form the pyridines.  
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2.12. Conclusions 
 
In summary a range of phenols have been prepared via a novel route: 
Figure 12- Phenols formed 
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The vast majority of these compounds (excluding 295, 300, 206, 312 and 356) had not been formed 
previously. The range of substituents that can be attached to the ring has successfully been extended to 
form mono-protected catechols, diaryl ethers and phenols without the methyl ester moiety. The 
regioselectivity of the phenol formation was investigated and found to be dependent on a combination 
of both sterics and electronics; some of the reactions were totally selective and an order of reactivity of 
the substituents was formulated that could be extended to predict qualitatively the major and minor 
isomers from a range of related cyclisations. Microwave irradiation was shown to give improved results 
in this phenol-forming reaction. In addition, a faster method for the Krapcho decarboxylation of the 
formed 1,6-dienes was developed and the products in some cases converted to aromatic diketones by 
an unexpected route. The previously described formation of anilines from 1,5-diketones was extended 
to form anilines from secondary as well as the previously reported primary amines. Ammonium 
bicarbonate was also shown to be a convenient ammonia source for microwave based pyridine 
synthesis. 
2.13. Towards the Synthesis of Pseudopterosin Aglycone 382 
 
Application of this phenol-forming methodology to the synthesis of pseudopterosin aglycone 382 was 
then attempted. 
2.13.1. Background 
 
The pseudopterosins are a family of tricyclic diterpene-glycosides isolated from the Caribbean sea whip, 
Pseudopterogorgia elisabethae.131 There are currently 27 members of the family (pseudopterosins A-Z 
and iso-E)131,132,133,134,135 differing by either the aglycone stereochemistry or the nature of the sugars 
attached. Pseudopterosins A-F, iso-E and Z share the same aglycone 382 with the various pentose units 
being attached at either C-9 (A-D shown below [Figure 13]) or C-10 (E, iso-E, F and Z). The aglycones of 
pseudopterosins G-J, M-O and P-Y are C-1 epimers of A-F (pseudopterosins P-T appear to contain hexose 
rather than pentose sugars).136 The other two known pseudopterosins K and L have an aglycone that is 
the enantiomer of the A-F aglycone. 
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Figure 13- Selected pseudopterosins 
The pseudopterosins have been found to have some interesting pharmacological activity. Initially they 
were found to be potent anti-inflammatory and analgesic agents exhibiting superior anti-inflammatory 
activity to iodomethacin.137 The mode of action is believed to be inhibition of eicosanoid release from 
inflammatory cells in a concentration dependent manner.137 
The molecule has been a target for synthetic chemists, popularised by its inclusion (as pseudopterosin C) 
as an active ingredient in the skin cream Resilience®,
138 its biology and limited availability from natural 
sources. Work to induce biosynthesis of these compounds (both to discover their role in nature and to 
hopefully allow for an increased natural supply) has been undertaken.139 Work has also been performed 
to try to elucidate the biosynthetic pathway to these compounds.140 Currently there have been a 
number of reported syntheses of the aglycone unit along with a few more synthetic approaches. 
2.13.2 Previous Work 
 
Past approaches to this natural product have taken a variety of routes. Some of these are discussed 
below, concentrating particularly on the formation of the phenol ring (A-ring) and the C-ring.  
In 1988 Broka and co-workers reported the first total synthesis of pseudopterosin A from (S)-(–)-
limonene 383 (via aglycone 382, Scheme 120 and Scheme 121).141 Limonene 383 was first converted to 
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carboxylic acid 384 by known chemistry.142 Addition of the alkene chain (385) was performed utilising a 
lactone intermediate to give better stereochemical control.  
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m,n,o,p,q
383 384 385 386
a,b,c,d,e,f,g
(a) Thexylborane, then alkaline H2O2; (b) Piv-Cl, pyridine; (c) DHP, PPTS (cat.), CH2Cl2; (d) KOH(aq); (e) PCC,
NaOAc, CH2Cl2; (f) NaClO2,
tBuOH(aq), 2-methyl-2-butene; (g) AcOH(aq), (h) PTSA, toluene, (i) LDA,
PhSeCl, HMPA; (j) H2O2; (k) vinylmagnesium bromide, CuI-DMS, TMSCl, THF; (l) LiAlH4, THF; (m) PhSO2Cl,
Et3N, DMAP, CH2Cl2; (n) LiBHEt3, THF; (o) PCC, CH2Cl2; (p) HCO2Et, NaH, dioxane; (q) TMSCl, Et3N, hexane.  
Scheme 120- Broka’s formation of pseudopterosin A: part 1 
Phenol formation was performed using a 1,3-bis(silyl enol ether) 387 giving a 1:1 mixture of 
diastereoisomers (388 and 389), which could be separated. The C-ring was formed by SnCl4 mediated 
epoxide ring opening with the electron-rich aromatic of 390. Again poor selectivity was observed and 
extra steps were introduced to separate the two isomers by introduction of a bulky silyl group (giving 
the separable 391 and 392). Conversion to the benzyl-protected aglycone 393 was then achieved by 
Baeyer–Villiger reaction followed by introduction of the alkene.  
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(a) TiCl4, CH2Cl2; (b) NaOMe, MeOH; (c) mcpba, NaHCO3, CHCl3; (d) SnCl4, CH2Cl2; (e) BnBr,
DMSO, K2CO3; (f) TBDPSCl, imidazole, DMF; (g) DIBAL-H, CH2Cl2; (h) PCC,CH2Cl2; (i) mcpba,
Na2HPO4, CHCl3; (j) TBAF, AcOH, THF; (k) (COCl)2, DMSO, CH2Cl2, Et3N; (l) Me2CLiCO2Li, THF;
(m) (dimethylamino)formaldehyde dineopenyl acetal, CHCl3, 4,4'-methylenebis(2,6-di-tert-
butylphenol).
Scheme 121- Broka's formation of pseudopterosin A: part 2 
Corey and co-workers have published two routes to the aglycone of pseudopterosins A-F. The first from 
(+)-menthol was reported in 1989,143 and subsequently refined from (S)-citronellal in 1990144 (key steps 
in this route are shown later). The second approach from (S)-(–)-limonene was reported in 1998 
(Scheme 122).145 Additionally, the related pseudopterosin G-J aglycone was formed by a late stage 
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modification of the second strategy giving the diasteroisomeric ring system from a common 
intermediate and also resulting in revision of their stereochemistry.136 
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(a) Thexylborane, then alkaline H2O2; (b) NaOCl; (c) isopropenyl acetate, lipase; (d) NaOCl, TEMPO (cat.);
(e) Ph2P(CH2CH=CMe2)=CHCH=CMe2; (f) LDA, TMSCl; (g) 396, SnCl4; (h) KOH; (i) SOCl2; (j) LDA,
TBDMSOTf; (k) MnO2; (l) TBAF; (m) MsCl, Et3N; (n) MsOH.
n
Scheme 122- Corey's most recent approach to the pseudopterosins 
In this case starting from the same material the aglycone was formed from (S)-(–)-limonene 383 in fewer 
steps, using an enzymatic kinetic resolution, giving intermediate 394. The C-1 side chain was introduced 
by a Wittig–Vedejs olefination146 giving the desired E-olefin in 395. The A-ring in this case was formed by 
a Robinson annelation type strategy, followed by MnO2 oxidation to the aromatic ring 397. C-Ring 
closure with MsOH gave 398 with excellent diastereoselectivity.  
In 2001 Kocienski and co-workers reported a similar strategy to the enantiomeric pseudopterosin 
aglycone 399 of pseudopterosins K and L (Scheme 123).147  
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(a) tBuOOH, VO(acac)2, toluene; (b) NaBH3CN, BF3-OEt2, THF; (c) TBDMSCl, imidazole, DMF; (d) (COCl)2,
DMSO, Et3N, CH2Cl2; (e) LHMDS, DMPU, THF, then CS2, LHMDS and Br(CH2)3Br; (f) methallylMgCl,
THF; (g) BF3-OEt2, MeOH, THF; (h) TsCl, Et3N, DMAP, CH2Cl2; (i) n-BuLi, THF, then PhSO2CH2CH=CMe2;
(j) EtAlCl2, CH2Cl2; (k) EtSNa, DMF, ; ON(SO3K)2, KH2PO4, DMF, H2O; (l) Na2S2O4, H2O.
Scheme 123- Kocienski's approach aglycone 399 
(−)-Isopulegol was first epimerised to (+)-neoisopulegol 400, and the stereochemistry of the C-3 methyl 
group was set by the use of a hydroxyl group-directed epoxidation and opening giving 401. The phenolic 
ring was formed by addition of methallylmagnesium chloride to 402 followed by Lewis acid-promoted 
cyclisation. The C-1 side chain was introduced by tosylate displacement (403→404). Electrophilic 
aromatic substitution with Lewis acid formed the C-ring with good selectivity (404→405 and 406). Finally 
the phenolic ring was oxidised to the catechol 399. A similar route was also reported to the 
pseudopterosin aglycone 382 differing in the method of setting the C-3 stereochemistry. Instead of 
using a substrate-directed asymmetric epoxidation a catalyst-controlled asymmetric reduction was 
performed to set this stereocentre. 
In 1993 Jung and co-workers reported the synthesis of a late-stage intermediate towards racemic 
aglycone rac-382 lacking the correct substituents and stereocentres at C-1 and C-7 (Scheme 124).148 In a 
different approach to those already shown, the A- and C-rings were formed concurrently.  
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Scheme 124- Jung’s approach to aglycone rac-382 
Starting from vinylougous ester 407, alkylation with allyl bromide followed by hydroboration and 
oxidation gave aldehyde 408 (the alkylation gave a 7.5:1 mixture of diastereoisomers trans 
predominating). Reaction with metallated furan 409 gave a 1:1 mixture of diastereoisomers 410. 
Reduction of the vinylogous ester to the enone (with transposition) also gave epimerisation of the 
benzylic stereocentre to a single diastereoisomer 411. A two-step sequence of conjugate addition 
followed by aldol condensation gave the intermediate 412. 
Other groups have followed different strategies generally starting with the phenolic A ring and building 
onto it. Schmalz and co-workers reported the use of chromium η6-arene tricarbonyl complexes in the 
formation of pseudopterosin aglycone 382 starting with both the A- and B-rings (Scheme 125).149 
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(a) Enantioselective oxazaborolidin catalysed reduction; (b) Cr(CO)6, cat. THF; n-Bu2O, heptane, ;
(c) DMSO, Ac2O; (d) isopropenyllithium, TMSCl; (e) n-BuLi, HMPT, THF, MeI; (f) BH3SMe2, THF,
then NaOH, H2O2; (g) TBAF, THF; (h) PTSA, SiO2, benzene; (i) TBDMSCl, imidazole, DMF;
(j) n-BuLi, THF, MeI; (k) TBAF, THF; (l) SmI2, H2O, THF, HMPT; (m) Et2O, h , air; (n) TsCl, Et3N,
DMAP, CH2Cl2; (o) phenylprenylsulfone, n-BuLi; (p) EtAlCl2, CH2Cl2; (q) LiSEt, DMF,
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Scheme 125- Schmalz's approach to aglycone 382 
Starting from 5,6-dimethoxy-1-tetralone 413, enantioselective reduction of the ketone allowed for 
diastereoselective complexation of chromium. Oxidation then furnished complex 414 as a single 
enantiomer. The presence of the chromium then allowed facially selective reaction at the two benzylic 
centres, which in turn controlled the side chain stereochemistry (C-3) in intermediate 415. Alkene 
reduction (15:1 selectivity) followed by photochemical decomplexation and attachment of the C-1 side 
chain (by tosylate displacement) gave sulfone 416. Lewis acid was then used to promote the cyclisation 
to the dimethyl ether 417, which was demethylated to the aglycone 382. 
Harrowven and co-workers reported the synthesis of rac-382 starting from coumarin 418, which was 
formed by Pechmann condensation from 3-methylcatechol (Scheme 126).150 
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Scheme 126- Harrowven's approach to aglycone rac-382 
Lactone hydrolysis and a series of redox reactions yielded aldehyde 419, a Horner–Wadsworth–Emmons 
reaction added a pendant unsaturated butyrolactone giving the intermediate 420 (3:1 Z:E). Cyclisation 
with acid followed by reduction gave the spirolactone 421. Reduction gave a separable mixture of 
alcohols 422 and 423. Reoxidation of the desired alcohol 423 and Wittig olefination gave the C-1 side 
chain of 424. Cyclisation in the presence of Lewis acid gave the tricylic core rac-417 (~6:1 in favour of the 
desired C-1 epimer shown) and demethylation gave the aglycone rac-382. 
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Buszek and co-workers reported the synthesis of aglycone 382 starting from (R)-2-phenylpropionic acid 
425 (Scheme 127). 151 
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(a) LiAlH4, THF; (b) Na, NH3, EtOH; (c)
tBuOK, DMSO; (d) PPh3, NBS, cat. pyridine, CH2Cl2;
(e) Mg, THF, then 427; (f) (COCl)2, DMSO, Et3N, CH2Cl2; (g) TMSOCH2CH2OTMS, cat. TMSOTf,
CH2Cl2; (h) LDA, THF; (i) cat. OsO4, NMO, toluene, acetone-H2O; (j) NaIO4, THF-H2O, then
NaBH4; (k) TsCl, pyridine; (l) DMP, CH2Cl2; (m) Rh(PPh3)3Cl, PhCN, ; (n) LiAlH4, THF; (o) PPTS,
acetone, H2O; (p) (CH3)2S=CH2, THF; (q) BF3-OEt2, CH2Cl2; (r) isopropylidenetriphenylphosphora-
ne,THF; (s) TMSI, CHCl3.  
Scheme 127- Buszek's approach to aglycone 382 
The eventual B-ring starting material was coupled to the A-ring fragment early in the synthesis by 
Grignard chemistry (426+427→428). Subsequent intramolecular benzyne cycloaddition gave the tricyclic 
system 429 along with the undesired tricycle 430. Opening of the bridging olefin gave diol 431. Selective 
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tosylation of the less hindered alcohol and removal of the C-4 substituent (by decarbonylation) gave 
432. Reduction of the C-7 substituent and ketone deprotection gave 433. Homologation by ketone 
epoxidation, rearrangement and Wittig reaction152 gave the aglycone dimethyl ether 417. This was then 
deprotected to the aglycone 382 with TMSI. 
In 1990 Ganguly and co-workers reported their route to pseudopterosin aglycone rac-382 (Scheme 
128).153  
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Scheme 128- Ganguly's approach to aglycone rac-382 
Starting from tetralone 434 (A- and B-rings) alkylation, dehydration and reduction gave alkene 435. 
Homogeneous hydrogenation gave 436 with the desired relative stereochemistry at C-3 and C-4. The C-7 
stereochemistry was set by an intramolecular hydride delivery step. Formation of the C-ring was 
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performed by homologation (by cyanide addition) and cyclisation (438→439). C-1 side chain 
elaboration, aromatic ring oxidation and deprotection gave aglycone rac-382.  
Another approach was reported by Kocienski and co-workers towards the putative aglycone of 
pseudopterosins G-J (which underwent stereochemical revision [Scheme 129]).154 
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Scheme 129- Kocienski's approach to the putative aglycone of pseudopterosins G-J 
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Starting from dimethyl-3-methylcatechol 442 iodination and metallation gave aryl copper species 443. 
Reaction with a chiral allyl metal complex (derived from ethyl-(S)-lactate) gave ester 444 with the C-7 
stereocentre set. Alkyne addition (445) and cyclisation (via the alkyne dicobalt hexacarbonyl complex) 
gave the B-ring 446. Conversion to ester 447, then diastereoselective alkylation of the ester enolate 
introduced the C-3 methyl group (10:1 dr). Conversion to the tosylate 448 and displacement gave the C-
1 side chain 449. Addition of Lewis acid resulted in cyclisation forming the C-ring (95:5 in favour of the 
isomer shown 450) this was then converted to the putative aglycone of pseudopterosins G-J (by 
demethylation). 
Other noteworthy early work in this area was performed by Corey and Carpino. Their route was 
subsequently superseded to some extent by the later route of Corey and Lazerwith as shown above 
(Scheme 122). The earlier route was performed from (+)-menthol143 or (S)-citronellal144 forming 
intermediate 451 by two different methods. The most interesting aspect is the method of the formation 
of the phenolic A-ring (Scheme 130).  
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THF.
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Scheme 130- Corey's early A-ring formation 
Formation of the thermodynamic enolate of 451, conversion to the silyl enol ether and reaction with 2-
butynal and oxidation gave 452. Phenol formation by addition of potassium hydride gave the phenol 
453. This was then converted to pseudopterosins A and E. 
Other methods of forming the tricyclic core of the pseudopterosins have been reported by 
Kozikowski,155 Plumet,156 Frejd,157 Nicolaou158 and co-workers (in addition to previously published partial 
syntheses by the groups whose work is described above). 
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2.13.3. Retrosynthesis 
 
Our late-stage retrosynthesis of the aglycone 382 is shown below (Scheme 131).  
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Scheme 131- Proposed retrosynthesis 
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The aglycone of pseudopterosins A-F and Z 382 was chosen as a synthetic target as it offers the 
possibility to test two pieces of methodology developed within the group, phenol formation and 
decarboxylative Claisen rearrangement. The phenol-forming reaction to form mono-protected catechols 
has been shown on simple substrates in the last section; to achieve the transformation 455→454 a 
similar reaction could occur, in this case with the benefit of forming only one phenol isomer due to the 
constraints of the tricyclic system formed. A decarboxylative Claisen rearrangement (described earlier) 
could be used for the conversion 459→458 and would be a real test of the dual dCr method, being one 
of the most highly substituted examples to date.159  
The retrosynthesis breaks the molecule down into two allyl alcohol segments 460 and 461 (Scheme 
131). These could be joined together with a tosylmalonate link and transformed by the previously 
mentioned decarboxylative Claisen rearrangement to form a 1,6-diene (458). 
There is literature precedent for the cross metathesis of vinylsulfones with mono-substituted alkenes160 
although pleasingly none for the same reactions with more highly substituted alkenes; we therefore 
expect high selectivity in the cross metathesis to form 457. Ring-closure to a bicyclic cyclopentene, in 
this case, is predicted to be relatively slow due to the bulky alcohol protecting group, the strain of the 
final bicyclic system and also the requirement to form a tetrasubstituted alkene. Then we propose a 
novel anionic cyclisation of an α-tosyl anion onto the vinylsulfone to complete the C-ring (457→456). 
This cyclisation will control the stereochemistry at C-1 (although both possible epimers correspond to 
the stereochemistry of some pseudopterosins). It is difficult to predict the stereochemical outcome of 
this reaction with any certainty; a model can be proposed which suggests the desired stereochemistry 
would be obtained (Scheme 132). This type of reaction is to the best of our knowledge an unknown 
process.161 
 
Scheme 132- Predicted stereochemical outcome of anionic C-ring closure 
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The alkenes can then be cleaved with ozone forming a 1,5-diketone 455. Reaction of this substrate 
under the phenol-forming conditions described in the previous section would be predicted to form the 
catechol ring 454. Finally Julia olefination with acetone and deprotection would furnish the aglycone 
unit of pseudopterosins A-F (and Z) 382. 
2.13.3.1. Proposed Formation of Allylic Alcohols 460 and 461 
 
The two required starting materials are both allylic alcohols. Alcohol 460 could be formed easily by a 
variety of literature procedures. Baylis–Hillman reaction between methyl acrylate and acetaldehyde to 
give adduct 462162 followed by SN2’ Mitsunobu reaction reported by Charette and co-workers would give 
the diester 463 (with >20:1 regio and stereoselectivity).163 Selective hydrolysis of the more labile ester, 
protection then reduction would give the desired alcohol 460 as a single isomer (Scheme 133). 
 
Scheme 133- Proposed formation of allylic alcohol 460 
Alcohol 461 was proposed to be formed by ring-rearrangement metathesis (Scheme 134), the driving 
force being the relief of ring-strain and congestion in cyclopentene 464. 
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Scheme 134- Proposed formation of allylic alcohol 461 
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In turn, it is proposed that cyclopentene 464 could be formed from the cyclopentanone 465 by 
regioselective enol phosphate formation followed by reduction with lithium in ammonia (or amine).164 
This reduction may also remove the benzyl protecting group giving the free alcohol. The disubstituted 
cyclopentanone 465 could be formed by combination of a cyclopentanone 466 with an electrophile 467. 
The initial aim was therefore to prepare these two starting materials.  
The Craig group strategy proposes a different order for the formation of the tricyclic core to previously 
reported methods; firstly the B-ring will be formed; secondly the C-ring will be formed by anionic 
cyclisation and finally the A-ring. This is in contrast to the previous methods were the C-ring is usually 
formed by electrophilic aromatic substitution using an allylic cation equivalent.  
2.13.4. Formation of Electrophile 467  
 
Prior to formation of the electrophile 467 in enantiopure form a model compound was formed for initial 
studies. The first model compound decided upon was a mono-protected 2-methylene-1,5-diol 468, 
(Figure 14), which should be relatively easy to convert to its iodide.  
 
Figure 14- Electrophile 467 and model compound proposed 
The formation of this model electrophile was first attempted by the reaction of the dianion of methallyl 
alcohol 224 with a protected iodoethanol 469. The protected iodoethanol 469 was prepared in excellent 
yield by the literature procedure (Scheme 135). 165 
 
Scheme 135- Protection of iodoethanol 
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Unfortunately the alkylation of the dianion of 224 failed to proceed cleanly and no pure product 471 
was isolated after chromatography. Benzylation of the impure mixture of products also failed to give any 
product 472 that could be isolated (Scheme 136). 
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Scheme 136- Attempted formation of a model electrophile 
A second model electrophile was then proposed. The desired electrophile in racemic form rac-467 
would provide the best model for the chemistry and this could be formed from readily available starting 
materials (Table 18). 
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Table 18- Formation of model electrophile rac-467 
 
Entry Step Scale (mmol) Conditions (equiv) Yield (product) 
1 (i) 213 473 (9.68), NaH (2.2), THF, 67 °C, 1 h, 
then PMBCl (1), Bu4NI (0.05), 67 °C, 16 
h 
99%a (474) 
2 (ii) 96.8a Oxalyl chloride (1.2), CH2Cl2, DMSO 
(2.4), −78 °C, 45 min, then 474 (1), 1 h, 
finally Et3N (5), 80 min 
98% (475) 
3 (iii) 72.5 475 (1), formaldehyde(aq) (1), 
iPrOH, 
pyrrolidine (0.1), propionic acid (0.1), 
45 °C, 17 h, then CaCl2 (1), NaBH4 (1), 
MeOH, −5 °C, 1 h, then rt, 1 h 
77% (476) 
4 (iv) 47.9 476 (1), NaH (1.2), DMF, 0 °C→rt, 1 h 
then BnBr (1.5), rt, 4 h 
79% (477) 
5 (v) 34.3 477 (1), CAN (4), acetone, H2O, rt, 2 h 39% (rac-478) 
a Based on PMBCl 
Mono-protection of 3-methylpentan-1,5-diol 473 was initially unsuccessful using PMB-Cl and NaH at 
room temperature. However adapting the procedure of Smith166 using an excess of the diol 473 and 
heating the mixture (with catalytic Bu4NI) under reflux gave the product 474 pure after a simple workup 
in excellent yield (entry 1). The later steps were all performed first on a smaller scale. In most cases the 
larger scale reactions gave improved yields. The methylenation (475→476) was performed according to 
the procedure of Pihko and co-workers167 via the intermediate enal. Enal reduction on the first small-
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scale attempt gave a small amount of over reduced material (from conjugate hydride addition). Use of 
modified Luche conditions using CaCl2 gave exclusive 1,2-hydride addition in good yield (entry 3).
168 The 
final PMB deprotection step did however not scale-up well giving only a 39% yield on a 35 mmol scale 
(entry 5, compared to 66% on a 0.3 mmol scale). Further work to optimise this reaction was not 
performed as an acceptable quantity of material was isolated. Improvements may be possible by use of 
the more usual acetonitrile as solvent, or by using other cleavage reagents such as DDQ. 
Conversion to the iodide was then investigated. The first plan was to try the PMB deprotection using the 
NaI, CeCl3 conditions developed by Bartoli and co-workers.
169 These conditions drew our interest as they 
have also been applied to the conversion of alcohols to iodides.170 The PMB deprotection was tried, 
unfortunately although some product initially seemed to appear (by TLC comparison to pure product 
rac-478) none could be isolated by column chromatography as the material seemed to decompose on 
continued reaction (which gave no pure material of any kind [Scheme 137]).  
 
Scheme 137- Attempted benzyl deprotection 
Conversion of the alcohol rac-478 to the iodide rac-467 was then successfully achieved on a TLC scale 
using iodine and solid supported diphenylphosphine giving complete conversion by TLC (confirmed by 1H 
NMR). The reaction was then scaled up using monomeric triphenylphosphine, unfortunately with no 
success. This difference in reactivity is so far unexplained. The alcohol was eventually converted to the 
iodide using a different method (see later). 
Making enantiopure material by this method would involve desymmetrising the starting diol. This has 
been reported in the literature by a handful of methods employing the enzymes PLE, HLAD and CAL-B 
'Novozyme 435' generally by desymmetrisation of dimethyl 3-methylpentandioate 479. Francis and 
Jones reported the desymmetrisation of diester 479 and conversion to both enantiomeric lactones (R)-
480 and (S)-480,171 Gotor and co-workers reported the conversion of the same diester 479 to the 
monoamide (S)-481 (Scheme 138).172 
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Scheme 138- Selected methods of desymmetrisation 
The diol 473 itself has also been converted to enantiomerically enriched lactones 480 by electrolysis in a 
chiral environment by the addition of enantiomerically pure sparteine.173 
The conversion of one of the above enantioenriched substances to the desired electrophile would 
introduce further steps into the synthesis. Therefore a second strategy was investigated to form 
enantiopure electrophile starting from commercially available (S)-citronellol 483 (Scheme 139). 
 
Scheme 139- Electrophile retro-synthesis from (S)-citronellol 
Comparison of these two structures reveals important similarities. The right-hand side of the molecules 
is almost identical. Conversion of this half would be relatively simple using the same chemistry described 
above (oxidation, methylenation, reduction and benzyl protection). The left-hand side would require 
dehomologation and introduction of the iodide. The required stereocentre is already present and none 
of the required chemistry should lead to racemisation.  
The right-hand side of the molecule was constructed by the following processes (Table 19). 
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Table 19- Formation of the electrophile right-hand side 
 
Entry Step Scale 
(mmol) 
Conditions (equiv) Yield (product) 
1 (i) 128 Oxalyl chloride (1.4), CH2Cl2, −78 °C, 10 min, then DMSO 
(2.4), 75 min, then 483 (1), 45 min, finally Et3N (5), 1.5 h 
87% (484) 
2 (ii) 109 484 (1), formaldehyde(aq) (1), 
iPrOH, pyrrolidine (0.1), 
propionic acid (0.1), 45 °C, 4 h, then CaCl2 (1), NaBH4 
(1.5), MeOH, rt, 1 h 
100% (485) 
3 (iii) 59.4 485 (1), NaH (1), THF, rt, 1 h, then BnBr (1), rt, 18 h, then 
67 °C, 7 h 
Reported later 
over 2 stepsa (486) 
a approximately 81% product by 1H NMR mixed with benzyl bromide 
These reactions had previously been performed on a smaller scale giving slightly inferior results. On this 
large-scale the use of chromatography was minimised, the first reaction being purified by distillation and 
the subsequent reactions used crude (in the case of 485 [entry 2] essentially pure, in the case of 486 
[entry 3] contaminated by benzyl bromide). 
Converting 486 to the desired electrophile 467 by dehomologation was then performed. The proposed 
route utilised two sequential oxidative cleavage reactions, removing the four extra carbons (Scheme 
140).  
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Scheme 140- Electrophile left-hand side retrosynthesis 
It was initially proposed that the transformations from 486 to 478 could be performed in one-pot with 
sequential addition of reagents eliminating the need for isolation of the unstable aldehyde and silyl enol 
ether intermediates 487 and 488. The major problem with this route is selectivity; both oxidative 
cleavage steps need to be chemoselective in order to avoid oxidation of the terminal alkene. In both 
cases the terminal alkene is less electron-rich so should generally react at a slower rate with 
electrophilic reagents. Ozonolysis was the method of choice due to the previous experience that has 
been built up using ozone to perform oxidative cleavage (less reactive reagents may provide greater 
selectivity174). There is some precedent to the desired reactions in the literature. Shishido and co-
workers performed the selective ozonolysis of 489 giving an excellent yield of the desired aldehyde 490 
(based on recovered SM [Scheme 141]).175 
 
Scheme 141- Shishido's selective ozonolysis 
Due to time constraints the reactions were run until complete consumption of starting material was 
observed, this may have resulted in lower yields than could have been achieved by not running the 
reaction to completion (as the product itself starts to undergo oxidative cleavage). 
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The substrate 486 was converted to the desired aldehyde 487 (monitoring by TLC for starting material 
consumption). In this case no reductive workup was required (as was reported for citronellol acetate176, 
see cautionary note p236). This crude aldehyde 487 was then subjected to a range of silyl enol ether 
forming conditions, either in the CH2Cl2 from the previous reaction or re-dissolved in Et2O, using 
TBDMSOTf and either Et3N or 2,6-lutidine as base. The reaction was also tried at a range of 
temperatures from −78 to 0 °C, with no success. The reactions generally followed the same pattern, on 
addition of the triflate (1-2 equivalents) a new less polar compound appeared by TLC, however on 
stirring no more was generated. Addition of extra triflate resulted in decomposition of the material. 
From crude NMR spectra no more than a trace of the desired compound 488 was observed.  
The aldehyde 487 was then prepared and purified by column chromatography (Scheme 142). 
 
Scheme 142- Synthesis of aldehyde 487 
At the same time a second dehomologation strategy was investigated using acid 489 rather than the 
aldehyde 487. This was prepared either from the aldehyde 487 by Jones oxidation or directly from the 
diene 486 by selective oxidation with chromic acid oxidation in one-pot (Scheme 143).  
OBnHO2COBn OBn
O
486 489 487
(i) (ii)
(i) O3, acetone, -78
oC, then Jones reagent 0 oC, 60% over 2 steps from 485
(ii) Jones reagent, acetone, 0 oC, 94%  
Scheme 143- Synthesis of acid 489 
Several strategies for the dehomologation of acids are available. The most suitable in this case were 
thought to be radical decarboxylation methods. Decarboxylation of the acid 489 would leave a radical 
490 which was hoped could be trapped (prior to disfavoured 5-endo trig cyclisation or 4-exo trig 
cyclisation) with iodine giving the iodide 467 in a single step (Scheme 144). 
139 
 
 
Scheme 144- Proposed radical dehomologation and iodination 
 A range of conditions were tried; mercury(II) oxide activation of the acid with iodine under reflux in 
carbon tetrachloride177 and lead(IV) acetate with potassium iodide under reflux in benzene178 did not 
give any identifiable products. Attempted formation of the Barton ester 491 (Figure 15) for reaction 
under the conditions developed by Barton and co-workers179 did not form the ester in good yield and 
none was isolated after chromatography (ester formation was attempted by both DCC coupling with the 
acid and also by forming the acid chloride). 
 
Figure 15- Barton ester 491 
The conditions of Yamaguchi and co-workers180 were then successfully used to convert the aldehyde 487 
to the corresponding silyl enol ether 488 (Scheme 145). The use of DBU as a base seems to allow for 
rapid reaction without the need for the use of a silyltriflate (which seemed to cause decomposition). 
 
Scheme 145- Formation of silyl enol ether 488 
Selective ozonolysis (again consuming all of the starting material) with a reductive workup gave the 
alcohol 478 as a single enantiomer (Scheme 146). This could then be converted to the iodide when 
required. 
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Scheme 146- Selective ozonolysis and reduction to alcohol 478 
2.13.5. Nucleophile Synthesis and Alkylation 
 
In parallel to the synthesis of the electrophilic portion options were investigated to form the 
nucleophilic portion 466. The nucleophilic portion needed to be formed as a single stereoisomer and 
also allow for regioselective attachment of the side chain. An attractive route would be to form the 
nucleophile from commercially available 2-cyclopentenone 492 by asymmetric conjugate addition 
followed by trapping of the resultant enolate (of 466) with the iodo-electrophile 467 (Scheme 147). 
 
Scheme 147- Proposed nucleophile formation and alkylation 
Unfortunately asymmetric conjugate additions are difficult to achieve on the almost planar 
cyclopentenone system;181 although several methods have been reported that give excellent 
enantiomeric excesses on this system.182,183 Dimethylzinc or MeMgBr in combination with a chiral 
catalyst could give the desired enolate intermediate. Unfortunately the metal enolates formed are only 
moderately reactive and have only been reacted with potent electrophiles such as allyl halides and 
aldehydes.184 Simple alkyl iodides have been reacted successfully, in moderate yields, using 10 
equivalents of electrophile and HMPA as co-solvent.182 Use of an excess of the more complex and 
precious electrophile in this case is not desirable. An alternate strategy would be O-silylation of the 
enolate. Unfortunately regiospecific regeneration of the desired enolate (with MeLi) has been shown to 
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be almost impossible as the rate of proton transfer is significant compared to the rate of alkylation (for 
unactivated electrophiles).185 
The use of stoichiometric silver trifluoroacetate has been shown to give products similar to the desired 
2,3-substituted cyclopentanone 465 (Scheme 148).186 
 
Scheme 148- Literature precedent for alkylation of silyl enol ether 493 
This method seemed attractive because the small excess of electrophile used is acceptable; the use of 
stoichiometric silver salt was however not desirable. Combined with the anticipated high cost of the 
other reagents required (dimethyl zinc and chiral catalyst) this route was not economical on the large-
scale required. Instead the chiral sulfoxide auxiliary route of Posner was investigated.187 The first step 
was the formation of the chiral sulfoxide 496. The combination of (+)-menthol 497 and sodium p-
toluenesulfinate 192 gives a mixture of diasteroisomeric sulfoxides, one of which is crystalline 496. One 
batch of crystalline sulfoxide was isolated (the remainder could have subsequently been equilibrated by 
addition of acid then further crops of crystals isolated if required [Scheme 149]). 
 
Scheme 149- Formation of chiral auxiliary 496 
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This was coupled with 6-bromo-1,4-dioxaspiro[4.4]non-6-ene 499 prepared by the procedure of Smith 
and co-workers (Scheme 150).188 The product ketal 499 was found to be particularly unstable, 
decomposing on vacuum distillation (the crude product was instead used). 
 
Scheme 150- Formation of 6-bromo-1,4-dioxaspiro[4.4]non-6-ene 499 
Lithium halogen exchange followed by alkylation with chiral sulfoxide 496 gave the chiral ketal 502. 
Deprotection with CuSO4 (use of acid could lead to racemisation of the sulfoxide) gave the ketone 503 
(Scheme 151).  
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O
OTol
S O
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O
S
Tol
O O
Br O
O
499
496
502 503
(i) (ii)
(i) n-BuLi (1.1 equiv), THF, -78 oC, then 495 (1.5 equiv) -78 oC, 1.5 h
(ii) CuSO4, acetone, rt, 5 days
65% 84%
 
Scheme 151- Formation of chiral enone 503 
Addition of methyl Grignard reagents to the enantiomer of 503 has been shown to give excellent 
diastereomeric excess with an important counter-ion effect. Use of methylmagnesium bromide or 
iodide gives the opposite stereochemical outcome to the chloride (use of ZnBr2 also reverses the sense 
of asymmetric induction by chelation control).187 The de achieved on the enantiomer of this system was 
best with the addition of methylmagnesium chloride (98-100% ee after removal of the auxiliary) hence 
the choice of forming the sulfoxide from the less used (+)-menthol 497. Grignard addition proceeded to 
give the product 504 as a mixture of diastereoisomers (not related to the eventual ee [Scheme 152]).  
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Scheme 152- Substrate controlled asymmetric addition of methyl Grignard. 
Unfortunately, alkylation of the α-sulfoxide 504 anion with a model electrophile (3-phenyl-1-
iodopropane 505) was not a clean reaction giving a variety of byproducts 507 (identified as below from 
1H NMR analysis and MS evidence) in small amounts (Scheme 153). 
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O
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504
506 507
(i)
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I
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Scheme 153- Attempted alkylation of 504 
Some starting material was also recovered. It was thought that given the lack of any of the desired 
product 506 and the ready elimination of the sulfoxide after alkylation (which in itself was low yielding), 
this pathway was not viable (only addition of methyl iodide in large >30 equiv excess had previously 
been reported). Instead two methods of removal of the sulfoxide (both described by Posner on alkylated 
material) were tried; firstly, reaction with dimethylcopper lithium to generate a single enolate for 
alkylation failed due to the presence of acidic protons; secondly, use of aluminum amalgam successfully 
removed the sulfoxide but left 3-methylcyclopentanone contaminated with the acid (these could not be 
separated by distillation and the volatility of the cyclopentanone made isolation difficult). The 
regioselective alkylation of this ketone was still a problem. 
Instead an alternate strategy was formulated utilising β-ketoesters. The dianions of these species can be 
selectively alkylated on the less acidic carbon. Formation of β-ketoester 508 was therefore a sensible 
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target. Formation of this molecule was reported by Dieckmann condensation189 of (S)-dimethyl-3-
methylhexanedioate 509 giving a mixture of β-ketoesters with the desired regioisomer 508 
predominating (Scheme 154).190  
 
Scheme 154- Dieckmann cyclisation reported by Matthews and co-workers 
Formation of the starting material 509 could be achieved by oxidation of (S)-citronellol according to the 
procedure of Leahy and Huang191 followed by esterification of the resultant diacid. Accordingly 
ozonolysis of (S)-citronellol 483192 with a chromic acid workup provided the crude diacid 511 (Scheme 
155). Esterification was attempted by a variety of methods; small-scale esterification with potassium 
carbonate in DMF with iodomethane gave an excellent (91%) yield of 512 by 1H NMR; however scale-up 
was performed by heating the diacid in methanol with H2SO4 under reflux (Scheme 155). 
OH
CO2H
HO2C
CO2Me
MeO2C
483 511 512
(i) (ii)
(i) O3, acetone, -78
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Scheme 155- Synthesis of diester 512 
Dieckmann cyclisation then gave an inseparable mixture of β-ketoesters (510 and 508 [three isomers]) in 
moderate yield (Scheme 156). 
CO2Me
MeO2C
MeO2C
O O
CO2Me
512 510 508
(i)
(i) Na (2 equiv), MeOH (7 equiv), toluene 110 oC, 4 h 54%
1 : 2.5
 
Scheme 156- Dieckmann cyclisation 
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On this scale the use of a homogenous base may have provided superior results. Prior to alkylation, 
attempts were made to separate the regioisomeric β-ketoesters 510 and 508. Conversion to the enol 
acetates (513 and 514), mesylates (515 and 516), phosphonates (517 and 518) or silyl enol ethers (519 
and 520 [all on TLC scale]) failed to give any separation on TLC with a range of solvent systems (Figure 
16).  
 
Figure 16- Attempts to separate the regioisomeric ketoesters 
The mixture was then alkylated with 1-iodo-3-phenylpropane 505, via its dianion, to give a mixture of 
the regioisomeric alkylation products 521 and 522 (Scheme 157). Unfortunately the ratio of the 
individual products could not be determined. 
Scheme 157- Alkylation with 1-iodo-3-phenylpropane 505 
The next stage would be decarboxylation and this was attempted under Krapcho conditions in the 
microwave on a mixture of 521 and 522. There was significant overheating caused by a microwave 
problem, resulting in decomposition of the material (and much of the DMSO solvent) and none of the 
146 
 
products could be isolated (523 and 524 [Scheme 158]). Analysis of the 1H NMR spectrum of the crude 
product from this reaction showed that no methyl ester was present. 
Scheme 158- Attempted decarboxylation 
With the successful alkylation result the previously formed alcohol 478 was converted into the 
corresponding iodide 467, by a Finkelstein-type reaction193 on the mesylate 525 (Scheme 159).  
Scheme 159- Electrophile 467 formation 
Unfortunately due to time constraints this reaction did not reach completion, giving a mixture of iodide 
467 and mesylate 525. Alkylation of the β-ketoester mixture (508 and 510) was performed by the same 
procedure as before with one modification; the dianion was used in excess in order to more fully-utilise 
the more precious electrophile 467 resulting in a greater yield of products (compared to the previous 
test reaction [Scheme 160]). 
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Scheme 160- Combination of the electrophilic and nucleophilic portions 
The desired product 526 was isolated as a complex mixture of isomers combined with isomers of 527 
(traces of other isomers likely 1,2-cis products were also detected in the mixture by NMR). In addition a 
second set of isomeric products were isolated which were tentatively assigned as decarboxylation 
products (465 and 528 as they contained the same signals in the 1H NMR with the exception of the 
methyl ester and their polarity did not correspond to the carboxylic acid).  
In this case there was some small separation of some of the product (526 and 527) signals on the TLC 
plate although not enough (given the limited time) to separate out any individual products. 1H NMR 
analysis (and accurate MS) confirmed attachment of the electrophile by the integration of the aromatic 
and methyl ester signals. However due to the multiple stereocentres, and isomers present, which 
complicated the aliphatic region of the spectrum, the components could not be individually identified. 
The identity of the major and minor regioisomers could be determined by the different multiplicity 
observed in the signals for the central β-ketoester proton.   
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2.13.6. Conclusion 
 
In conclusion the first major milestone towards the synthesis of pseudopterosin aglycone 382 has been 
achieved. The final compound generated 526 contains the eventual C-3 and C-7 methyl groups with the 
desired stereochemistry (albeit as a mixture with undesired isomeric compounds). The C-4 stereocentre 
was also set in the alkylation reaction and it is sensible to assume that the desired product (structure 
526) will predominate over the cis-isomer. The intermediates 486 and 512 have been formed in >10 g 
quantities for future investigators. The route so far is summarised below (Scheme 161). 
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Scheme 161- Progress towards pseudopterosin aglycone 382 
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2.13.7. Future Work 
 
After performing this work it was postulated that improving the regioselectivity of the Dieckmann 
condensation would provide both a better yield and also a less complex mixture to work with in 
subsequent steps. A few examples of similar Dieckmann condensations have been performed on 
substrates with extra substitution present. Shibasaki and co-workers reported the Dieckmann 
condensation of 529 with potassium hydride giving a single regioisomer (530, after chromatography) in 
excellent yield.194 This was then decarboxylated in quantitative yield under Krapcho conditions (Scheme 
162). 
 
Scheme 162- Shibaski's selective Dieckmann cyclisation 
The increased selectivity observed can be attributed to the differences in sterics between the two 
cyclisation pathways. The formation of the undesired product 532 in the example above would require 
reaction of the more hindered enolate (Scheme 163). 
 
Scheme 163- Formation of the minor regioisomer 
The product 530 also (as opposed to 532) contains an acidic β-ketoester proton that would easily be 
deprotonated under the reaction conditions making the formation of the product essentially 
irreversible. 
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It may be possible to form a pre-alkylated diester starting material in this case, which would hopefully 
give a more selective Dieckmann condensation and also remove the need for the subsequent alkylation 
step (Scheme 164). 
 
Scheme 164- Proposed route to intermediate 465 by selective Dieckmann cyclisation 
Direct oxidation to the ester 533 could be performed by a variety of conditions.195 Alkylation with 
electrophile 467 would give a mixture of diastereoisomers of the product 534. Selective oxidation (as 
demonstrated previously) in the presence of methanol (with catalytic acid) should furnish the ester 535. 
Subsequent Dieckmann condensation and decarboxylation would give 465. 
This would resolve many of the issues encountered in the alkylation by eliminating the majority of the 
undesired regioisomeric product making this process much more efficient. 
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3. Experimental  
3.1. General Experimental Procedures  
 
All reactions were performed under nitrogen (with the exception of those oxidation reactions where the 
exclusion of moisture was not necessary) unless otherwise stated. Melting points were determined 
using Stuart Scientific SMP1 melting point apparatus and are uncorrected. Infrared spectra were 
recorded on a Mattson 5000 FTIR spectrometer as films and the absorption maxima (νmax) reported in 
wavenumbers (cm−1). Nuclear magnetic resonance spectra (1H, 13C, DEPT 135, DEPT 90, HMQC, HMBC, 
COSY) were recorded on Bruker DRX-300, Bruker AV-400, Bruker AV-500 Bruker DRX-400 or Bruker DPX-
400 spectrometers. Chemical shifts are in parts per million (ppm) and are referenced relative to the 
residual proton-containing solvent (1H NMR: 7.27 ppm for CDCl3; 
13C NMR: 77.0 ppm for CDCl3). Proton-
proton coupling constants (J) are reported to the nearest 0.5 Hz. Mass and accurate mass spectra (CI, 
FAB and ESI) were recorded using Micromass AutoSpec-Q, Micromass Platform II or Micromass 
AutoSpec Premier instruments. Ozononlysis was performed using a Triogen LAB2B ozone generator. 
Microwave reactions were performed using a Biotage InitiatorTM. Ultrasound was generated by an 
Ultrawave U300 ultrasonic bath. Elemental analyses were performed at the microanalytical laboratory 
of London Metropolitan University. Optical rotations were measured on an Optical Activity Ltd. AA-1000 
instrument using monochromatic light at a wavelength of 589 nm (sodium-D-line). Analytical thin layer 
chromatography (TLC) was performed on pre-coated glass-backed Merck Kieselgel 60 F254 plates; 
visualisation was effected with ultraviolet light, potassium permanganate and ammonium molybdenate 
as appropriate. Column chromatography refers to flash column chromatography performed using BDH 
(40-63 μm) silica gel. Automated purifications were performed using an Isco Companion® system using 
redisep® cartridges of the appropriate sizes. Standard solvents were distilled under nitrogen prior use; 
Et2O and THF from sodium-benzophenone ketyl, CH2Cl2 from CaH2, toluene from sodium. DMF was 
purchased dry from Fluka and used out of the bottle, or vacuum distilled from CaH2 prior to use. DMSO 
was dried by vacuum distillation from 4 Å molecular sieves prior to use. Other liquid reagents were 
purified as appropriate prior to use. Petrol refers to petroleum ether of the fraction bp 40-60 °C.  
Jones reagent was prepared according to the following procedure: CrO3 (13.8 g, 138 mmol) was 
dissolved in H2O (40 mL), cooled to ~0 °C and H2SO4 (conc. 9.5 mL) added dropwise giving a bright 
orange/red solution that was used as required. 
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3.2. Trial Phenol Forming Reaction 
 
Methyl 2-tosylacetate 19197 
 
To a suspension of p-toluenesulfinic acid sodium salt 192 (10.0 g, 56.1 mmol, 1.0 equiv) in DMF (70 mL), 
at rt, was added methyl bromoacetate 193 (6.38 mL, 67.3 mmol, 1.2 equiv). On addition the salt slowly 
dissolved. After 5 h the mixture was partitioned between H2O (70 mL) and EtOAc (70 mL). The organic 
layer was separated, washed with H2O (140 mL), sat. NaCl(aq) (140 mL), dried (MgSO4) and evaporated in 
vacuo, leaving a colourless oil that crystallised on addition of a seed crystal yielding methyl 2-
tosylacetate 191 (7.93 g, 62%) as a colourless solid (mp ~30 °C, EtOAc; lit.196 32 °C, EtOAc–petrol); Rf 0.44 
(50% EtOAc–petrol); δH (300 MHz, CDCl3) 7.81 (2H, d, J 8.0 Hz, ortho Ts), 7.37 (2H, d, J 8.0 Hz, meta Ts), 
4.11 (2H, s, CH2), 3.70 (3H, s, O-CH3), 2.46 (3H, s, Ts CH3); δC (75 MHz, CDCl3) 162.9 (C=O), 145.4 (4°), 
135.7 (4°), 129.8 (3°), 128.4 (3°), 60.8 (Ts-C), 53.0 (O-CH3), 21.6 (Ts CH3); in agreement with previously 
reported spectroscopic data.  
Methyl 4-methyl-2-(2-methylallyl)-2-tosylpent-4-enoate 21097 
 
Method 1 
To a mixture of sodium hydride (60% in mineral oil, 1.50 g, 37.6 mmol, 4 equiv) and methyl-2-
tosylacetate 191 (2.15 g, 9.40 mmol, 1 equiv) at rt in THF (50 mL), a solution of Pd2(dba)3 (430 mg, 5 
mol%) and triphenylphosphine (493 mg, 20 mol%) in THF (20 mL) was added, then 3-chloro-2-
methylpropene 211 (2.02 mL, 20.7 mmol, 2.2 equiv). After stirring at rt for 20 h, MeOH (10 mL) was 
added followed by sat. NH4Cl(aq) (150 mL). The mixture was extracted with EtOAc (3x50 mL) and the 
combined organic extracts washed with H2O (100 mL), sat. NaCl(aq) (50 mL) and dried (MgSO4). After 
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evaporation of the solvent in vacuo the residue was passed through a short pad of silica gel eluting with 
EtOAc, yielding a brown oily solid. Purification by column chromatography (20% EtOAc–petrol) gave 
methyl 4-methyl-2-(2-methylallyl)-2-tosylpent-4-enoate 210 (1.84 g, 58%) as colourless solid (mp 90–91 
°C, EtOAc–petrol; lit.97 88–89 °C, EtOAc–petrol); Rf 0.76 (50% EtOAc–petrol); δH (300 MHz, CDCl3) 7.76 
(2H, d, J 8.0 Hz, ortho Ts), 7.35 (2H, d, J 8.0 Hz, meta Ts), 4.96 (2H, s, C=CHH), 4.83 (2H, s, C=CHH), 3.63 
(3H, s, O-CH3), [2.97 (2H, d, J 15.0 Hz), 2.83 (2H, d, J 15.0 Hz), 2×CHH & 2×CHH], 2.47 (3H, s, Ts CH3), 1.78 
(6H, s, CH2=C-CH3); δC (75 MHz, CDCl3) 168.9 (ester C=O), 145.0 (ipso Ts), 139.7 (C=CH2), 134.3 (para Ts), 
130.7 (ortho Ts), 129.2 (meta Ts), 116.3 (C=CH2), 76.1 (Ts-C), 52.5 (O-CH3), 39.1 (CH2), 24.3 (CH2=C-CH3), 
21.7 (Ts CH3); m/z (CI) 354 [M+NH4]
+, 337 [M+H]+, 183, 52 (Found: [M+NH4]
+, 354.1745. C18H24O4S 
requires [M+NH4]
+, 354.1739); in agreement with previously reported spectroscopic data.  
Method 2 
To a stirred solution of methyl-2-tosylacetate 191 (7.31 g, 32.0 mmol, 1 equiv) and n-Bu4NI (17.9 g, 48.4 
mmol, 1.51 equiv) in DBU (38.4 mL, 256 mmol, 8 equiv) and DMF (20 mL), 3-chloro-2-methylpropene 
211 (25.0 mL, 256 mmol, 8 equiv) was added dropwise over 15 min while cooling in an ice bath. After 7 h 
the reaction mixture was diluted with Et2O (150 mL) and poured into HCl(aq) (2 M, 300 mL). The aqueous 
layer was extracted with Et2O (4x100 mL) and the combined organic phases were washed with H2O 
(2x200 mL), dried (MgSO4) and the solvent evaporated in vacuo affording pale yellow crystals. 
Purification by column chromatography (10% EtOAc–petrol) yielded methyl 4-methyl-2-(2-methylallyl)-
2-tosylpent-4-enoate 210 (9.80 g, 91%) as a colourless solid; data as previously reported. 
Methyl 3,4-dimethyl-1-tosylcyclopent-3-enecarboxylate 212 
 
Diene 210 (200 mg, 0.595 mmol, 1 equiv) and Grubbs II catalyst (50.5 mg, 10 mol%) were dissolved in 
CH2Cl2 (12 mL). The mixture was subjected to microwave irradiation (twice at 100 °C, for 23 min then 25 
min). TLC after the first irradiation showed unreacted starting diene. The second irradiation seemed to 
produce no further product formation or starting material consumption by TLC (with a further 10 mol% 
catalyst added). The solvent was evaporated in vacuo leaving a brown oil. The crude product was 
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purified by column chromatography (twice, 10→20% EtOAc–petrol) separating out the starting material 
210 (90.2 mg, 45% recovery) and methyl 3,4-dimethyl-1-tosylcyclopent-3-enecarboxylate 212 (77.4 mg, 
42%, 77% based on recovered SM) as a colourless solid (mp 78–79 °C, EtOAc–petrol); Rf 0.63 (50% 
EtOAc–petrol); νmax (film) 2970, 2953, 2917, 2857, 1738, 1597, 1440, 1316, 1304, 1288, 1274, 1209, 
1183, 1145, 1085, 1073, 944, 819, 712, 700 cm−1; δH (300 MHz, CDCl3) 7.72 (2H, d, J 8.0 Hz, ortho Ts), 
7.34 (2H, d, J 8.0 Hz, meta Ts), 3.72 (3H, s, O-CH3), [3.21 (2H, d, J 16.0 Hz), 3.02 (2H, d, J 16.0 Hz) 2×CH2], 
2.47 (3H, s, Ts CH3), 1.56 (6H, s, CH2=C-CH3); δC (75 MHz, CDCl3) 169.5 (ester C=O), 145.2 (ipso Ts), 133.8 
(para Ts), 129.8 (ortho Ts), 129.4 (meta Ts), 128.2 (C=C), 76.3 (Ts-C), 53.4 (O-CH3), 43.4 (CH2), 21.7 (Ts 
CH3), 13.3 (C=C-CH3); m/z (CI) 634 [2M+NH4]
+, 326 [M+NH4]
+, 174 (Found: [M+NH4]
+, 326.1434. C16H20O4S 
requires [M+NH4]
+, 326.1426) (Found: C, 62.25; H, 6.47. C16H20O4S requires C, 62.31; H, 6.54%). 
Methyl 4-oxo-2-(2-oxopropyl)-2-tosylpentanoate 20597 
 
General Procedure A: 
Diene 210 (2.00 g, 5.95 mmol, 1 equiv) was dissolved in a mixture of CH2Cl2 (150 mL) and MeOH (36 mL). 
The solution was cooled to −78 °C and the flask purged with O2 for 10 min. Then O3/O2 was bubbled 
through until 5 min after the solution obtained a blue colouration (18 min total). Then O2 was bubbled 
through the solution for 10 min, the blue colour dissipating with time. Triphenylphosphine (4.68 g, 17.9 
mmol, 3 equiv) was then added and the solution stirred for 1 h at −78 °C before stirring at rt for 18 h. 
The solvent was evaporated in vacuo and the crude yellow oil was purified by column chromatography 
(20→50% EtOAc–petrol) affording methyl 4-oxo-2-(2-oxopropyl)-2-tosylpentanoate 205 (1.90 g, 94%) as 
a colourless solid (mp 113–116 °C, EtOAc–petrol; lit.97 120-122 °C, EtOAc); Rf 0.44 (50% EtOAc–petrol); 
δH (300MHz, CDCl3) 7.67 (2H, d, J 8.0 Hz, ortho Ts), 7.38 (2H, d, J 8.0 Hz, meta Ts), 3.67 (3H, s, O-CH3), 
[3.64 (2H, d, J 17.0 Hz), 3.18 (2H, d, J 17.0 Hz), 2×CHH & 2×CHH], 2.48 (3H, s, Ts CH3), 2.25 (6H, s, O=C-
CH3); δC (75 MHz, CDCl3) 205.1 (ketone C=O), 167.5 (ester C=O), 146.1 (ipso Ts), 131.7 (para Ts), 130.4 
(ortho Ts), 129.7 (meta Ts), 73.2 (Ts-C), 53.4 (O-CH3), 40.9 (CH2), 31.3 (O=C-CH3), 21.8 (Ts CH3); m/z (CI) 
358 [M+NH4]
+, 341 [M+H]+, 202; in agreement with previously reported spectroscopic data.  
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Methyl 3-hydroxy-5-methylbenzoate 20697 
 
Method 1 
General procedure B: 
To a solution of diketone 205 (160 mg, 0.470 mmol, 1 equiv) in MeOH (6 mL) at rt, K2CO3 (260 mg, 1.88 
mmol, 4 equiv) was added. The reaction was stirred at rt until both starting material and intermediates 
were consumed (15 min). The reaction mixture was acidified to pH 1 with HCl(aq) (2 M, 10 mL) and the 
aqueous layer extracted with EtOAc (3x10 mL). The combined organic phases were dried (MgSO4) and 
the solvent evaporated in vacuo yielding a yellow oil. The crude was purified by column chromatography 
(20% EtOAc–petrol) affording methyl 3-hydroxy-5-methylbenzoate 206 (44.2 mg, 57%) as a colourless 
crystalline solid (mp 87–89 °C, EtOAc–petrol; lit.197 92–93 °C, EtOAc–petrol); Rf 0.69 (50% EtOAc–petrol); 
δH (300 MHz, CDCl3) 7.44 (1H, s, H-6), 7.41 (1H, s, H-2), 6.92 (1H, s, H-4), 6.09 (1H, brs, OH), 3.92 (3H, s, 
O-CH3), 2.36 (3H, s, Ar-CH3); δC (75 MHz, CDCl3) 167.6 (C=O), 155.8 (C-3), 140.1 (C-5), 131.1 (C-1), 122.7 
(C-6), 121.1 (C-2), 113.6 (C-4), 52.4 (O-CH3), 21.3 (O=C-CH3); in agreement with previously reported 
spectroscopic data.  
Method 2 
General procedure C: 
Diketone 205 (160 mg, 0.470 mmol, 1 equiv), NaHCO3 (82.9 mg, 0.987 mmol, 2.1 equiv) and MeOH (3 
mL) were added to a microwave vial. The mixture was irradiated at 100 °C until both starting material 
and the intermediate had been consumed (40 min). The mixture was partitioned between HCl(aq) (2 M, 
10 mL) and CH2Cl2 (10 mL), then extracted with CH2Cl2 (3×10 mL). The combined organic phases were 
dried (MgSO4) and the solvent evaporated in vacuo giving a yellow solid. This was purified by column 
chromatography (20% EtOAc–petrol) affording methyl 3-hydroxy-5-methylbenzoate 206 (64.8 mg, 83%) 
as a colourless crystalline solid; data as previously reported.  
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Methyl 3-methoxy-5-methylbenzoate 216198 
 
To the powdered diketone 205 (160 mg, 0.470 mmol, 1 equiv) a solution of HCl in MeOH (1.25 M, 6 mL) 
was added. After stirring for 18 h at rt H2O (10 mL) and CH2Cl2 (10 mL) were added. The aqueous layer 
was extracted with CH2Cl2 (3×10 mL). The combined organic phases were washed with H2O (20 mL), 
dried (MgSO4) and the solvent evaporated in vacuo leaving a yellow/brown oil. This was purified by 
column chromatography (20% EtOAc–petrol) yielding methyl 3-methoxy-5-methylbenzoate 216 (15.8 
mg, 19%) as a colourless oil; Rf 0.75 (50% EtOAc–petrol); δH (300 MHz, CDCl3) 7.48 (1H, s, H-6), 7.38 (1H, 
s, H-2), 6.94 (1H, s, H-4), 3.92 (3H, s, CO2-CH3), 3.85 (3H, s, Ar-O-CH3), 2.38 (3H, s, Ar-CH3); m/z (CI) 198 
[M+NH4]
+; in agreement with previously reported spectroscopic data.  
3.3. Synthesis of Allylic Carbonates 
 
Methyl 2-methylallyl carbonate 217199 
 
General procedure D: 
To a solution of methallyl alcohol 224 (5.00 g, 69.3 mmol, 1 equiv) in CH2Cl2 (100 mL) at −10 °C pyridine 
(11.2 mL, 139 mmol, 2 equiv) and DMAP (424 mg, 5 mol%) were added. After stirring for 10 min methyl 
chloroformate (10.7 mL, 139 mmol, 2 equiv) was added dropwise over 10 min and the reaction stirred, 
slowly warming to rt, for 24 h. The reaction was then quenched with HCl(aq) (2 M, 150 mL) and extracted 
with CH2Cl2 (3×50 mL). The combined organic phases were dried (MgSO4) and the solvent evaporated in 
vacuo (without heating) leaving methyl 2-methylallyl carbonate 217 (9.02 g, 100%) as a colourless oil; δH 
(300 MHz, CDCl3) 4.99 (1H, s, C=CHH), 4.92 (1H, s, C=CHH), 4.52 (2H, s, O-CH2), 3.77 (3H, s, O-CH3), 1.74 
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(3H, s, CH2=C-CH3); δC (75 MHz, CDCl3) 155.7 (C=O), 139.3 (C=CH2), 113.5 (C=CH2), 71.1 (O-CH2), 54.8 (O-
CH3), 19.3 (CH2=C-CH3); in agreement with previously reported spectroscopic data. 
2-Phenylprop-2-en-1-ol 226200 
 
General procedure E: 
Propargyl alcohol 225 (1.16 mL, 20.0 mmol, 1 equiv) and CuI (0.380 g, 10 mol%) were stirred in Et2O (20 
mL) at −10 °C. Phenylmagnesium chloride solution (1.41 M in THF, 42.6 mL, 60.0 mmol, 3 equiv) was 
added dropwise over 30 min, forming a creamy precipitate. The mixture was stirred at rt for 20 h, with 
exclusion of light, before adding sat. NH4Cl(aq) (180 mL) while cooling to −10 °C. The mixture was 
extracted with Et2O (3×100 mL) and the combined organic phases dried (MgSO4) and the solvent 
evaporated in vacuo leaving a brown oil. Purification by column chromatography (20% EtOAc–petrol) 
afforded 2-phenylprop-2-en-1-ol 226 (1.48 g, 55%) as a colourless liquid; Rf 0.54 (50% EtOAc–petrol); δH 
(300 MHz, CDCl3) 7.56-7.28 (5H, m, Ph), 5.51 (1H, s, C=CHH), 5.39 (1H, s, CHH), 4.54 (2H, s, CH2), 2.54 
(1H, brs, OH); δC (75 MHz, CDCl3) 147.3 (CH2=C), 138.7 (ipso Ph), 128.6 (3°), 128.0 (para Ph), 126.1 (3°), 
112.5 (CH2=C), 64.8 (O-CH2); in agreement with previously reported spectroscopic data. 
2-Methylenedecan-1-ol 227201 
 
General procedure E was followed on propargyl alcohol 225 (2.73 mL, 46.9 mmol, 1 equiv), using freshly 
prepared octylmagnesium chloride formed as follows: magnesium turnings (4.10 g, 169 g-atom, 3.6 
equiv) were activated by stirring overnight under nitrogen. THF (141 mL) was added followed by 1-
octylchloride (23.9 mL, 141 mmol, 3 equiv) the mixture was stirred at rt for 6 h slowly turning dark grey. 
The Grignard reagent was added via canula and the reaction stirred for 18 h. After workup the crude oil 
was purified by distillation under reduced pressure isolating 2-methylenedecan-1-ol 227 (5.12 g, 64%) 
and a further amount of product (1.25 g, 16% yield of product by 1H NMR) as a mixture with octanol 
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both as colourless liquids; Rf 0.29 (20% EtOAc–petrol); δH (300 MHz, CDCl3) 5.02 (1H, s, C=CHH), 4.87 (1H, 
s, C=CHH), 4.08 (2H, s, O-CH2), 2.06 (2H, t, J 7.5 Hz, H-3), 1.66 (1H, brs, OH), 1.48-1.40 (2H, m, H-4), 1.39-
1.24 (10H, m, H-5, H-6, H-7, H-8, H-9), 0.89 (3H, t, J 6.5 Hz, CH3); δC (75 MHz, CDCl3) 149.3 (C=CH2), 108.9 
(C=CH2), 65.9 (O-CH2), [33.0, 31.9, 29.7, 29.4, 29.3, 27.8, 22.7, 7×CH2], 14.1 (CH3); in agreement with 
previously reported spectroscopic data. 
4,4-Dimethyl-2-methylenepentan-1-ol 228202 
 
General procedure E was followed on propargyl alcohol 225 (1.24 g, 22.1 mmol, 1 equiv), using freshly 
prepared neopentylmagnesium bromide formed as follows: magnesium turnings (1.93 g, 79.4 g-atom, 
3.6 equiv) were activated by stirring overnight under nitrogen. THF (66.2 mL) was added followed by 
neopentyl bromide (10.0 g, 66.2 mmol, 3 equiv). A crystal of iodine was added to initiate the reaction. 
The reaction was extremely exothermic boiling the solvent for 10 min. The solution turned dark grey and 
was stirred for a further 10 minutes. The Grignard reagent was added via canula and the reaction stirred 
for 18 h. After workup the crude oil was purified by distillation under reduced pressure isolating 4,4-
dimethyl-2-methylenepentan-1-ol 228 (1.40 g, 49%) as a colourless liquid; Rf 0.31 (20% EtOAc–petrol); 
δH (300 MHz, CDCl3) 5.17 (1H, s, C=CHH), 4.86 (1H, s, C=CHH), 4.05 (2H, s, O-CH2), 2.17 (1H, brs, OH), 1.94 
(2H, s, tBu-CH2), 0.91 (9H, s, 
tBu); δC (75 MHz, CDCl3) 147.1 (C=CH2), 112.4 (C=CH2), 67.0 (O-CH2), 46.6 
(tBu-CH2), 31.3 (
tBu C), 29.8 (tBu CH3); in agreement with previously reported spectroscopic data. 
Methyl 2-phenylallyl carbonate 230203 
 
General procedure D was followed on allylic alcohol 226 (1.00 g, 7.45 mmol). The reaction was stirred at 
rt for 42 h. The crude yellow oil was purified by column chromatography (10% EtOAc–petrol) isolating 
methyl 2-phenylallyl carbonate 230 (1.20 g, 84 %) as a colourless oil; Rf 0.61 (20% EtOAc–petrol); νmax 
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(film) 3085, 3058, 3027, 3006, 2957, 1752, 1635, 1575, 1497, 1445, 1389, 1372, 1270, 973, 921, 791, 
780, 707 cm−1; δH (300 MHz, CDCl3) 7.52-7.29 (5H, m, Ph), 5.61 (1H, s, C=CHH), 5.45 (1H, s, C=CHH), 5.08 
(2H, s, CH2), 3.81 (3H, s, CH3); δC (75 MHz, CDCl3) 155.7 (C=O), 142.1 (C=CH2), 137.8 (ipso Ph), 128.6 (3°), 
128.2 (para Ph), 126.0 (3°), 115.7 (C=CH2), 69.1 (O-CH2), 54.9 (O-CH3); m/z (CI) 210 [M+NH4]
+, 193 [M+H]+ 
(Found: [M+NH4]
+, 210.1127. C11H12O3 requires [M+NH4]
+, 210.1130); in agreement with previously 
reported spectroscopic data. 
Methyl 2-methylenedecyl carbonate 231 
 
General procedure D was followed on allylic alcohol 227 (5.00 g, 29.4 mmol). The reaction was stirred at 
rt for 48 h. The crude liquid was purified by distillation under reduced pressure isolating methyl 2-
methylenedecyl carbonate 231 (5.20 g, 78%) as a colourless liquid; Rf 0.69 (20% EtOAc–petrol); νmax 
(film) 2927, 2856, 1755, 1655, 1444, 1367, 1269, 1115, 984, 910, 793, 723 cm−1; δH (300 MHz, CDCl3) 
5.05 (1H, s, C=CHH), 4.95 (1H, s, C=CHH), 4.57 (2H, s, O-CH2), 3.79 (3H, s, O-CH3), 2.07 (2H, t, J 7.0 Hz, H-
3), 1.48-1.40 (2H, m, H-4), 1.39-1.23 (10H, m, H-5, H-6, H-7, H-8, H-9), 0.88 (3H, t, J 6.5 Hz, C-10 CH3); δC 
(75 MHz, CDCl3) 155.7 (C=O), 143.6 (C=CH2), 112.5 (C=CH2), 70.3 (O-CH2), 54.7 (O-CH3), [33.0, 31.9, 29.4, 
29.3, 29.2, 27.5, 22.6, 7×CH2], 14.0 (C-10 CH3); m/z (CI) 246 [M+NH4]
+, 229 [M+H]+ (Found: [M+NH4]
+, 
246.2063. C13H24O3 requires [M+NH4]
+, 246.2069). 
4,4-Dimethyl-2-methylenepentyl methyl carbonate 232 
 
General procedure D was followed on allylic alcohol 228 (1.25 g, 9.75 mmol). The reaction was stirred at 
rt for 18 h. The crude liquid was purified by distillation under reduced pressure isolating 4,4-dimethyl-2-
methylenepentyl methyl carbonate 232 (1.22 g, 67%) as a colourless liquid; Rf 0.46 (10% EtOAc–petrol); 
νmax (film) 2956, 2868, 1753, 1651, 1444, 1365, 1267, 985, 953, 910, 793 cm
−1; δH (300 MHz, CDCl3) 5.20 
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(1H, s, C=CHH), 4.95 (1H, s, C=CHH), 4.59 (2H, s, O-CH2), 3.81 (3H, s, O-CH3), 1.99 (2H, s, 
tBu-CH2), 0.94 
(9H, s, tBu); δC (75 MHz, CDCl3) 155.7 (C=O), 141.3 (C=CH2), 115.7 (C=CH2), 71.1 (O-CH2), 54.7 (O-CH3), 
46.6 (tBu-CH2), 31.3 (
tBu C), 29.8 (tBu CH3); m/z (CI) 204 [M+NH4]
+, 187 [M+H]+ (Found: [M+NH4]
+, 
204.1594. C10H18O3 requires [M+NH4]
+, 204.1600). 
2-Benzylprop-2-en-1-ol 233204 
 
To a mixture of 3-phenylpropenal 234 (10.0 g, 74.5 mmol, 1 equiv) and formaldehyde (aq) (37% by weight, 
6.05 g, 74.5 mmol, 1 equiv) in iPrOH (7.45 mL), propionic acid (0.558 mL, 10 mol%) and pyrrolidine 
(0.612 mL, 10 mol%) were added. The mixture was heated to 45 °C for 2 h. After cooling the mixture to 0 
°C and diluting with iPrOH (10 mL), NaBH4 (2.82 g, 74.5 mmol, 1 equiv) was added portionwise over 30 
min. The mixture was then stirred at rt for 66 h, then mixture was diluted with iPrOH (20 mL) and 
quenched with acetic acid (20 mL). After hydrogen evolution had ceased, sat. NaHCO3(aq) (400 mL) was 
added. The mixture was then extracted with Et2O (3×200 mL). The combined organic phases were dried 
(MgSO4) and the solvent evaporated in vacuo to give a colourless oil. Repeated purification attempts 
using an Isco companion® with Redisep® silica cartridges failed to provide pure 2-benzylprop-2-en-1-ol 
233, so the semi-crude oil (~90% pure, contaminated with over reduced product) was reacted onwards; 
Rf 0.22 (20% EtOAc–cyclohexane); νmax (film) 3350, 3083, 3062, 3028, 2916, 1655, 1603, 1492, 1452, 
1354, 1227, 1055, 1028, 903, 741, 700 cm−1; δH (400 MHz, CDCl3) 7.38-7.18 (5H, m, Ph), 5.17 (1H, s, 
C=CHH), 4.95 (1H, s, C=CHH), 4.08 (2H, d, J 5.0 Hz, O-CH2), 3.46 (2H, s, Ph-CH2), 1.77 (1H, brs, OH); m/z 
(CI) 324, 166 [M+NH4]
+, 130 (Found: [M+NH4]
+, 166.1227. C10H12O requires [M+NH4]
+, 166.1232); in 
agreement with reported spectroscopic data (except Ph-CH2 was reported as 2.45 rather than 3.46 ppm 
in 1H spectrum). 
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2-Benzylallyl methyl carbonate 235 
 
Semi-crude alcohol 233 (from above, 4.45 g, 30.0 mmol assuming complete purity) was processed 
according to general procedure D. The reaction was stirred at rt for 22 h. The crude colourless oil was 
purified using an Isco companion® with Redisep® silica cartridges (10→40% EtOAc–cyclohexane) giving 
the product 2-benzylallyl methyl carbonate 235 (4.86 g, 24% over 2 steps from 234) as a colourless oil; Rf 
0.42 (20% EtOAc–cyclohexane); νmax (film) 3084, 3028, 2956, 1749, 1655, 1603, 1495, 1442, 1365, 1271, 
984, 943, 790, 747, 700 cm−1; δH (400 MHz, CDCl3) 7.37-7.19 (5H, m, Ph), 5.22 (1H, s, C=CHH), 5.04 (1H, s, 
C=CHH), 4.58 (2H, s, O-CH2), 3.82 (3H, s, O-CH3), 3.47 (2H, s, Ph-CH2); δC (101 MHz, CDCl3) 155.6 (C=O), 
142.8 (C=CH2), 138.3 (ipso Ph), 129.0 (3°), 128.5 (3°), 126.5 (para Ph), 114.9 (C=CH2), 69.6 (O-CH2), 54.8 
(O-CH3), 39.9 (Ph-CH2); m/z (CI) 224 [M+NH4]
+, 207 [M+H]+, 130 (Found: [M+H]+, 207.1029. C12H14O3 
requires [M+H]+, 207.1021) (Found: C, 69.79; H, 6.90. C12H14O3 requires C, 69.88; H, 6.84%). 
5-Methylene-2-phenyl-1,3-dioxane 239205 
OHOH
O O
Ph
238 239  
To a solution of diol 238 (2.00 g, 22.7 mmol, 1 equiv) in DMF (75 mL) benzaldehyde dimethyl acetal (6.91 
g, 45.4 mmol, 2 equiv) was added together with some activated 4Å MS. Finally p-toluenesulfonic acid 
was added (433 mg, 10 mol%) and the mixture heated to 70 °C. The pH of the solution was tested and 
found to be neutral so a further quantity of p-toluenesulfonic acid (866 mg, 20 mol%) was added to 
acidify it. The mixture was maintained at 70 °C for 6 h followed by 36 h of stirring at rt. The mixture was 
poured into sat. NaHCO3(aq) (200 mL) and extracted with EtOAc (3×50 mL). The combined organic phases 
were washed with sat. NaCl(aq) (100 mL) and H2O (150 mL), dried (MgSO4) and the solvent evaporated in 
vacuo yielding a pale yellow liquid. The impurities were removed by distillation under reduced pressure 
leaving 5-methylene-2-phenyl-1,3-dioxane 239 (2.72 g, 68%) as a pale yellow oil; Rf 0.84 (20% EtOAc–
petrol); νmax (film) 3069, 3036, 2969, 2890, 2833, 1453, 1390, 1347, 1314, 1249, 1230, 1213, 1102, 1075, 
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1056, 1019, 993, 966, 914, 849, 750, 697, 644 cm−1; δH (300 MHz, CDCl3) 7.57-7.34 (5H, m, Ph), 5.66 (1H, 
s, Ph-CH), 5.04 (2H, s, C=CH2), 4.86 (4H, s, O-CH2); δC (75 MHz, CDCl3) 138.6 (4°), 138.1 (4°), 129.0 (para 
Ph), 128.4 (3°), 126.2 (3°), 110.8 (C=CH2), 101.2 (Ph-CH), 71.2 (O-CH2); m/z (CI) 194 [M+NH4]
+, 177 
[M+H]+ (Found: [M+H]+, 177.0919. C11H12O2 requires [M+H]
+, 177.0915). 
2-(Benzyloxymethyl)prop-2-en-1-ol 240205 
Method 1 
 
To a solution of acetal 239 (2.00 g, 11.3 mmol, 1 equiv) dissolved in CH2Cl2 (100 mL), DIBAL-H (1 M in 
CH2Cl2, 22.8 mL, 22.8 mmol, 2 equiv) was added over 10 min at rt. The mixture was stirred for 66 h then 
the excess DIBAL-H was quenched with EtOAc (10 mL) and the mixture diluted with CH2Cl2 (100 mL). This 
was then poured into Rochelle’s salt(aq) (300 mL of a 50% saturated solution) and stirred for 2 h. The 
organic layer was then separated and the aqueous extracted with CH2Cl2 (100 mL). The combined 
organic phases were then dried (MgSO4) and the solvent evaporated in vacuo leaving the crude product 
as a pale yellow oil. This was then purified by column chromatography (10→30% EtOAc–petrol) giving 2-
(benzyloxymethyl)prop-2-en-1-ol 240 (1.47 g, 73%) as a colourless oil; Rf 0.18 (20% EtOAc–petrol); νmax 
(film) 3368, 3088, 3064, 3031, 3005, 2990, 2919, 2860, 1658, 1496, 1453, 1387, 1364, 1330, 1310, 1237, 
1208, 1070, 1027, 913, 739, 699, 608 cm−1; δH (300 MHz, CDCl3) 7.47-7.24 (5H, m, Ph), 5.23 (1H, s, 
C=CHH), 5.18 (1H, s, C=CHH), 4.54 (2H, s, Ph-CH2), [4.19 (2H, s), 4.18 (2H, s), 2×CH2], 2.61 (1H, brs, OH); 
δC (75 MHz, CDCl3) 145.0 (4°), 138.0 (4°), 128.5 (3°), 127.8 (2×3°), 113.6 (C=CH2), [72.3, 71.7, 2×CH2], 64.5 
(C-OH); m/z (CI) 196 [M+NH4]
+, 179 [M+H]+, 143, 108 (Found: [M+H]+, 179.1079. C11H14O2 requires 
[M+H]+, 179.1072) (Found: C, 73.99; H, 7.80. C11H14O2 requires C, 74.13; H, 7.92%). 
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Method 2 
 
The diol 238 (7.77 g, 88.2 mmol, 1 equiv) was dissolved in THF (200 mL) and cooled to 0 °C. Sodium 
hydride (60% in mineral oil, 3.53 g, 88.2 mmol, 1 equiv) was then added portion-wise over 15 min and 
the suspension stirred for 1 h. Benzyl bromide (15.1 g, 88.2 mmol, 1 equiv) was added and the reaction 
allowed to warm to rt stirring for 96 h. Subsequently, Et2O (200 mL) was added and the mixture washed 
with Na2CO3(aq) (2 M, 200 mL) then H2O (300 mL), dried (Na2SO4) and the solvent evaporated in vacuo. 
The crude oil was purified using an Isco companion® with Redisep® silica cartridges giving the product 2-
(benzyloxymethyl)prop-2-en-1-ol 240 (5.89 g, 37%) and by-product (2-methylenepropane-1,3-
diyl)bis(oxy)bis(methylene)dibenzene 241 (308 mg, 1.3%) both as colourless oils. 
240: Data as previously reported 
241: Rf 0.74 (20% EtOAc–petrol); δH (400 MHz, CDCl3) 7.44-7.33 (10H, m, Ph), 5.35 (2H, s, C=CH2), 4.60 
(4H, s, Ph-CH2), 4.15 (4H, s, CH2=C-CH2); δC (101 MHz, CDCl3) 143.1 (4°), 138.7 (4°), 128.8 (3°), 128.1 (3°), 
128.0 (3°), 114.8 (C=CH2), [72.7, 71.4, 2×CH2]; in agreement with previously reported spectroscopic 
data.206 
tert-Butyl 2-(hydroxymethyl)allyl carbonate 244 
 
To a stirred mixture of diol 238 (7.00 g, 79.4 mmol, 1 equiv) and Boc2O (17.3 g, 79.4 mmol, 1 equiv) in 
CH2Cl2 (140 mL), DMAP (971 mg, 10 mol%) was added. The mixture was stirred at rt for 20 h, then 
poured into H2O (700 mL) and extracted with CH2Cl2 (3×200 mL). The combined organic extracts were 
dried (MgSO4) and the solvent evaporated in vacuo to leave a colourless oil. Purification using an Isco 
companion® with Redisep® silica cartridges (20→40% EtOAc–cyclohexane) gave the product tert-butyl 2-
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(hydroxymethyl)allyl carbonate 244 (12.4 g, 86%) and by-product tert-butyl 2-methylenepropane-1,3-
diyl dicarbonate 245 (1.93 g, 8.6%) both as colorless oils. 
244: Rf 0.56 (50% EtOAc–petrol); νmax (film) 3441, 2982, 2936, 2880, 1745, 1661, 1457, 1395, 1370, 1285, 
1256, 1162, 1095, 1069, 1034, 964, 921, 862, 793 cm−1; δH (300 MHz, CDCl3) 5.13 (1H, s, C=CHH), 5.06 
(1H, s, C=CHH), 4.49 (2H, s, CH2-OCO2
tBu), 4.01 (2H, s, CH2-OH), 3.32 (1H, brs, OH), 1.37 (9H, s, 3×CH3); δC 
(75 MHz, CDCl3) 153.4 (C=O), 143.2 (C=CH2), 113.8 (C=CH2), 82.2 (O-C), [67.0, 63.1, 2×O-CH2] 27.6 
(3×CH3); m/z (CI) 206 [M+NH4]
+, 189 [M+H]+, 162, 150, 145, 133, 106 (Found: [M+NH4]
+, 206.1391. 
C9H16O4 requires [M+NH4]
+, 206.1392) (Found: C, 57.50; H, 8.53. C9H16O4 requires C, 57.43; H, 8.57%). 
245: Rf 0.58 (50% EtOAc–cyclohexane); νmax (film) 2979, 2937, 1743, 1458, 1369, 1277, 1161, 1093, 
1038, 972, 930, 860, 793 cm−1; δH (400 MHz, CDCl3) 5.31 (2H, s, C=CH2), 4.59 (4H, s, O-CH2), 1.48 (18H, s, 
CH3); δC (101 MHz, CDCl3) 153.6 (C=O), 138.7 (C=CH2), 117.7 (C=CH2), 82.7 (O-C), 67.2 (O-CH2), 28.1 
(3×CH3); m/z (ESI) 311 [M+Na]
+, 306 [M+NH4]
+, 255 (Found: [M+Na]+, 311.1465. C14H24O6 requires 
[M+Na]+, 311.1471) (Found: C, 58.43; H, 8.32. C14H26O6 requires C, 58.32; H, 8.39%); in agreement with 
previously reported spectroscopic data.207 
tert-Butyl 2-(phenoxymethyl)allyl carbonate 243 
 
To a stirred mixture of alcohol 244 (3.00 g, 15.9 mmol, 1 equiv), triphenylphosphine (4.18 g, 15.9 mmol, 
1 equiv) and phenol (1.50 g, 15.9 mmol, 1 equiv) in THF (11.5 mL), DIAD (3.14 mL, 15.9 mmol, 1 equiv) 
was added dropwise over 20 min. The reaction vessel was then placed in a water bath to control the 
temperature. After 18 h the solvent was evaporated in vacuo to give a crude yellow oil. Purification by 
column chromatography afforded a mixture of product and residual DIAD. Removal of the DIAD was 
performed under high vacuum (~1 week) leaving pure tert-butyl 2-(phenoxymethyl)allyl carbonate 243 
(3.93 g, 93%) as a colourless oil; Rf 0.71 (20% EtOAc–petrol); νmax (film) 3064, 3040, 3031, 2981, 2935, 
1744, 1663, 1599, 1496, 1458, 1395, 1370, 1278, 1255, 1163, 1110, 1093, 1060, 1034, 1018, 993, 967, 
927, 883, 857, 818, 792, 755, 691 cm−1; δH (300 MHz, CDCl3) 7.35-7.28 (2H, m, meta Ph), 7.02-6.90 (3H, 
m, ortho and para Ph), 5.41 (1H, s, C=CHH), 5.37 (1H, s, C=CHH), 4.71 (2H, s, CH2-OBoc), 4.59 (2H, s, CH2-
OPh), 1.52 (9H, s, 3×CH3); δC (75 MHz, CDCl3) 158.5 (C=O), 153.3 (ipso Ph), 139.4 (C=CH2), 129.5 (meta 
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Ph), 121.1 (para Ph), 116.4 (C=CH2), 114.8 (ortho Ph), 82.4 (O-C), [68.4, 67.1, 2×CH2], 27.8 (3×CH3); m/z 
(CI) 282 [M+NH4]
+, 226, 182, 146 (Found: [M+NH4]
+, 282.1701. C15H20O4 requires [M+NH4]
+, 282.1705) 
(Found C, 57.56; H, 8.58. C9H16O4 requires C, 57.43; H, 8.57%). 
Bicyclo[2.2.1]hept-5-ene-2-carbaldehyde 249208 
 
To a rapidly stirred emulsion of freshly cracked cyclopentadiene (19.8 g, 300 mmol, 1 equiv) in H2O (1.50 
L), acrolein (90%, 22.3 mL, 300 mmol, 1 equiv) was added. The mixture was stirred at rt for 18 h. 
Extraction with Et2O (3×300 mL) and drying of the combined organic extracts (Na2SO4), followed by 
removal of the solvent in vacuo gave bicyclo[2.2.1]hept-5-ene-2-carbaldehyde (32.7 g, 89%) as a 
colourless liquid (8.4:1 endo:exo by 1H NMR); Rf 0.32 (20% EtOAc–petrol); δH (400 MHz, CDCl3) 9.68 (1H, 
s, O=C-H exo isomer), 9.31 (1H, s, O=C-H endo isomer), 6.10 (1H, dd, J 5.5, 2.5 Hz, H-6 endo and exo 
isomers [exo obscured]), 6.03 (1H, dd, J 5.5, 3.0 Hz, H-5 exo isomer), 5.89 (1H, dd, 5.5, 2.5 Hz, H-5 endo 
isomer), 3.15 (1H, s, H-1 endo isomer), 3.02 (1H, s, H-1 exo isomer), 2.87 (1H, s, H-4 endo and exo 
isomers), 2.84-2.78 (1H, m, exo H-2 [endo isomer]), 2.18 (1H, m, endo H-2 [exo isomer]), 1.85 (1H, app. 
ddd partially obscured, exo H-3 [exo isomer]), 1.79 (1H, ddd, J 12.0, 7.5, 3.0, exo H-3 [endo isomer]), 
1.39-1.05 (6H, m, H-3 exo [both isomers] and 2×H-7 [both isomers]); δC (101 MHz, CDCl3) 205.0 (endo 
C=O), 204.0 (exo C=O), 138.5 (exo C=C), 138.0 (endo C=C), 135.2 (exo C=C), 131.7 (endo C=C), 52.1 
(endo), 51.6 (exo), 49.5 (endo), 45.8 (exo), 44.9 (endo), 44.2 (exo), 42.7 (endo), 41.8 (exo), 27.5 (endo), 
27.0 (exo); in agreement with previously reported spectroscopic data. 
Bicyclo[2.2.1]hept-5-ene-2,2-dimethanol 250209 
 
To a stirred mixture of bicyclo[2.2.1]hept-5-ene-2-carbaldehyde 249 (31.7 g, 259 mmol, 1 equiv as a 
8.4:1 endo:exo mixture) and formaldehyde(aq) (37% by wt, 64.8 g, 799 mmol, 3.08 equiv) cooled to 0 °C, 
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KOH (24.9 g, 444 mmol, 1.71 equiv) in EtOH (95%, 125 mL) was added dropwise over 4 h. After the 
addition the solution was stirred for 18 h at rt giving a transparent brown solution. The EtOH was 
removed in vacuo and the residue extracted with CH2Cl2 (3×100 mL). The combined organic phases were 
washed with brine (100 mL), dried (Na2SO4) and the solvent removed in vacuo leaving brown crystals. 
Recrystallisation from toluene gave the product (29.6 g, 74%) as colourless crystals (mp 109–111 °C, 
toluene; lit.210 107–111 °C); Rf 0.16 (20% EtOAc–petrol); νmax (film) 3425, 2966, 2875, 1641, 1463, 1370, 
1331, 1259, 1018 cm−1; δH (400 MHz, CDCl3) 6.17 (2H, app.t, J 1.5 Hz, HC=CH), [3.92 (1H, d, J 10.5 Hz), 
3.85 (1H, dd, J 10.5, 1.5 Hz), 1×HO-CHH], [3.63 (1H, d, J 10.5 Hz,), 3.50 (1H, dd, J 10.5, 1.5 Hz), 1×HO-
CHH], 3.00 (1H, dd, J 3.0, 1.5 Hz, H-1), 2.84 (1H, dd, J 3.5, 1.5 Hz, H-4), 2.41 (2H, brs, 2×OH), [1.57 (1H, d, 
J 9.0 Hz), 1.48 (1H, dd, J 9.0, 1.5 Hz), 2×H-3], [1.30 (1H, dd, J 12.0, 3.5 Hz), 0.72 (1H, dd, J 12.0, 2.5 Hz) 
2×H-7]; δC (101 MHz, CDCl3) [137.1, 135.1, C=C], [71.4, 70.6 2×O-CH2], 48.6 (C-2), 46.9, 44.4, 42.0, 32.9 
(C-7); m/z (CI) 172 [M+NH4]
+, 155 [M+H]+, 137; in agreement with previously reported spectroscopic 
data. 
3.4. Allylations 
 
3.4.1. One-pot 0-1-2 
 
Methyl 4-(benzyloxymethyl)-2-(2-methylallyl)-2-tosylpent-4-enoate 252 
 
To a solution of methyl 2-tosylacetate 191 (96.6 mg, 0.423 mmol, 1 equiv) and carbonate 236 (100 mg, 
0.423 mmol, 1 equiv) in THF (10 mL) a mixture of Pd2(dba)3 (38.8 mg, 10 mol%) and PPh3 (44.4 mg, 40 
mol%) was added. The mixture was heated at 67 °C for 1 h until the starting material appeared to have 
been consumed, then carbonate 217 (110 mg, 0.846 mmol, 2 equiv) was added and the heating 
continued for 4 h. H2O (50 mL) was then added to the reaction mixture and it was extracted with EtOAc 
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(3×10 mL). The combined organic phases were dried (MgSO4) and the solvent evaporated in vacuo 
leaving a yellow/brown oil. The crude product was purified by column chromatography (10% EtOAc–
petrol) affording methyl 4-(benzyloxymethyl)-2-(2-methylallyl)-2-tosylpent-4-enoate 252 (99.6 mg, 53%) 
as a pale yellow oil as well as methyl 4-methyl-2-(2-methylallyl)-2-tosylpent-4-enoate 210 (32.0 mg, 
22%) as a colourless solid. 
252: Rf 0.31 (20% EtOAc–petrol); νmax (film) 3030, 2951, 2922, 2859, 1736, 1645, 1596, 1494, 1451, 1318, 
1304, 1241, 1143, 1083, 907, 817, 738, 708, 699, 664 cm−1; δH (300 MHz, CDCl3) 7.75 (2H, d, J 8.0 Hz, 
ortho Ts), 7.41-7.28 (7H, m, meta Ts and Ph), [5.36, (1H, s), 5.17 (1H, s), 4.94 (1H, s), 4.78 (1H, s), 
2×C=CHH], 4.50 (2H, s, Ph-CH2), 4.04 (2H, d, J 5.5 Hz, O-CH2-C=CH2), 3.59 (3H, s, O-CH3), 3.10-2.65 (4H, m, 
2×CH2), 2.46 (3H, s, Ts CH3), 1.74 (3H, s, CH2=C-CH3); δC (75 MHz, CDCl3) 168.7 (C=O), 145.2 (4°), 140.1 
(4°), 139.6 (4°), 138.4 (4°), 134.0 (4°), 130.7 (3°), 129.3 (3°), 128.4 (3°), 127.7 (3°), 127.5 (para Ph), [117.6, 
116.1, 2×C=CH2], [76.1, 74.0, 72.0, 2×O-CH2 and Ts-C], 52.6 (O-CH3), [39.2, 34.0, 2×Ts-C-CH2], 24.2 
(CH2=C-CH3), 21.7 (Ts CH3); m/z (CI) 460 [M+NH4]
+, 443 [M+H]+, 294 (Found: [M+H]+, 443.1891. C25H30O5S 
requires [M+H]+, 443.1892) (Found: C, 68.00; H, 6.80. C25H30O5S requires C, 67.85; H, 6.83%). 
210: Data as previously reported. 
3.4.2. Allylation 0-2 
 
Methyl 4-(benzyloxymethyl)-2-(2-(benzyloxymethyl)allyl)-2-tosylpent-4-enoate 255 
 
General procedure F: 
A solution of methyl 2-tosylactate 191 (800 mg, 3.50 mmol, 1 equiv) and carbonate 236 (1.82 g, 7.71 
mmol, 2.2 equiv) in THF (38 mL) was heated to 67 °C. A combination of Pd2(dba)3 (160 mg, 5 mol%) and 
triphenylphosphine (184 mg, 20 mol%) was added and the mixture heated under reflux until the starting 
material was consumed (1 h). The mixture was allowed to cool then poured into H2O (150 mL). 
Extraction with EtOAc (3×50 mL), drying of the combined organic phases (MgSO4) then removal of the 
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solvent in vacuo gave a brown oil. Purification by column chromatography (5→30% EtOAc–petrol) gave 
methyl 4-(benzyloxymethyl)-2-(2-(benzyloxymethyl)allyl)-2-tosylpent-4-enoate 255 (1.81 g, 94%) as a 
yellow oil; Rf 0.30 (20% EtOAc–petrol); νmax (film) 3087, 3064, 3031, 3001, 2950, 2922, 2859, 1739, 1649, 
1597, 1495, 1453, 1402, 1361, 1318, 1304, 1291, 1211, 1184, 1142, 1083, 1028, 986, 913, 817, 737, 699, 
665 cm−1; δH (300 MHz, CDCl3) 7.73 (2H, d, J 8.0 Hz, ortho Ts), 7.40-7.25 (12H, m, meta Ts and Ph), 5.32 
(2H, s, C=CHH), 5.11 (2H, s, C=CHH), 4.48 (4H, s, Ph-CH2), 3.99 (4H, s, O-CH2-C=C), 3.55 (3H, s, O-CH3), 
[3.08 (2H, d, J 6.0 Hz), 2.94 (2H, d, J 6.0 Hz), Ts-C-CHH], 2.47 (3H, s, Ts CH3); δC (75 MHz, CDCl3) 168.6 
(C=O), 145.2 (4°), 140.0 (4°), 138.4 (4°), 133.9 (4°), [130.7, 129.3, 2×Ts 3°], [128.4, 127.7, ortho and meta 
Ph], 127.6 (para Ph), 117.3 (C=CH2), [76.2, 74.0, 72.1, 2×O-CH2 and Ts-C], 52.6 (O-CH3), 34.1 (Ts-C-CH2), 
21.7 (Ts CH3); m/z (FAB) 549 [M+H]
+, 441, 319, 281, 253, 91 (Found: [M+H]+, 549.2309. C32H36O6S 
requires [M+H]+, 549.2311) (Found: C, 69.93; H, 6.53. C32H36O6S requires C, 70.05; H, 6.61%). 
Methyl 4-(phenoxymethyl)-2-(2-(phenoxymethyl)allyl)-2-tosylpent-4-enoate 256 
 
General procedure F was followed on methyl 2-tosylacetate 191 (114 mg, 0.500 mmol, 1 equiv) using 
carbonate 243 (264 mg, 1.00 mmol, 2 equiv) in THF (5.5 mL). The reaction was heated under reflux for 1 
h. The workup was performed using CH2Cl2 (instead of EtOAc) and the crude purified by column 
chromatography (10→20% EtOAc–petrol) isolating methyl 4-(phenoxymethyl)-2-(2-
(phenoxymethyl)allyl)-2-tosylpent-4-enoate 256 (222 mg, 85%) as a yellow oil; Rf 0.33 (20% EtOAc–
petrol); νmax (film) 3062, 3039, 3010, 2999, 2951, 2925, 2879, 1738, 1649, 1599, 1495, 1446, 1404, 1377, 
1317, 1304, 1292, 1240, 1173, 1144, 1082, 1034, 1016, 993, 920, 885, 818, 756, 737 cm−1; δH (300 MHz, 
CDCl3) 7.75 (2H, d, J 8.0 Hz, ortho Ts), 7.50-7.24 (6H, m, meta Ts and meta Ph), 7.18-6.83 (6H, m, ortho 
and para Ph), 5.45 (2H, s, C=CHH), 5.26 (2H, s, C=CHH), 4.52 (4H, s, O-CH2), 3.45 (3H, s, O-CH3), [3.21 (2H, 
d, J 15.0 Hz), 3.07 (2H, d, J 15.0 Hz), Ts-C-CHH], 2.47 (3H, s, Ts CH3); δC (75 MHz, CDCl3) 168.6 (C=O), 
158.5 (ipso Ph), 145.4 (4°), 138.8 (4°), 133.6 (4°), 130.7 (Ts 3°), 129.4 (meta Ph), 129.4 (Ts 3°), 120.9 
(para Ph), 118.8 (C=CH2), 114.8 (ortho Ph), [76.0, 71.3, Ts-C and O-CH2], 52.9 (O-CH3), 34.9 (Ts-C-CH2), 
21.8 (Ts CH3); m/z (CI) 538 [M+NH4]
+, 392, 384, 238, 182, 180, 86 (Found: [M+NH4]
+, 538.2244. C30H32O6S 
requires [M+NH4]
+, 538.2263) (Found: C, 69.12; H, 6.13. C30H32O6S requires C, 69.21; H, 6.20%). 
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Methyl 4-methylene-2-(2-methylenedecyl)-2-tosyldodecanoate 257 
 
General procedure F was followed on methyl 2-tosylacetate 191 (462 mg, 2.02 mmol, 1 equiv) using 
carbonate 231 (1.02 g, 4.45 mmol, 2.2 equiv) in THF (21 mL). The reaction was heated under reflux for 2 
h. After workup the crude was purified by column chromatography (5% EtOAc–petrol) isolating methyl 
4-methylene-2-(2-methylenedecyl)-2-tosyldodecanoate 231 (968 mg, 90%) as a colourless oil; Rf 0.48 
(20% EtOAc–petrol); νmax (film) 3084, 2924, 2856, 1739, 1643, 1597, 1444, 1379, 1319, 1215, 1144, 1082, 
985, 901, 816, 710, 663 cm−1; δH (300 MHz, CDCl3) 7.73 (2H, d, J 8.0 Hz, ortho Ts), 7.34 (2H, d, J 8.0 Hz, 
meta Ts), 4.93 (2H, s, C=CHH), 4.81 (2H, s, C=CHH), 3.58 (3H, s, O-CH3), [2.97 (2H, d, J 15.5 Hz), 2.86 (2H, 
d, J 15.5 Hz), Ts-C-CHH], 2.47 (3H, s, Ts CH3), 2.04 (4H, t, J 7.0 Hz, CH3(CH2)6-CH2), 1.42-1.22 (24H, other 
octyl CH2), 0.90 (6H, t, J 6.5 Hz, CH2-CH3); δC (75 MHz, CDCl3) 168.9 (C=O), 144.9 (4°), 144.0 (4°), 134.3 
(4°), 130.6 (3°), 129.2 (3°), 114.1 (C=CH2), 76.6 (Ts-C), 52.4 (O-CH3), [37.8, 36.6, 31.9, 29.5, 29.4, 29.3, 
28.0, 22.7, CH2], 21.6 (Ts CH3), 14.1 (CH2-CH3); m/z (FAB) 533 [M+H]
+, 377 (Found: [M+H]+, 533.3657. 
C32H52O4S requires [M+H]
+, 533.3665) (Found: C, 72.21; H, 9.84. C32H52O4S requires C, 72.13; H, 9.84%). 
Methyl 4-benzyl-2-(2-benzylallyl)-2-tosylpent-4-enoate 258 
 
General procedure F was followed on methyl 2-tosylacetate 191 (500 mg, 2.19 mmol, 1 equiv) using 
carbonate 235 (994 mg, 4.80 mmol, 2.2 equiv) in THF (24 mL). The reaction was heated under reflux for 
1.5 h. After workup the crude was purified by column chromatography (5→20% EtOAc–petrol) isolating 
methyl 4-benzyl-2-(2-benzylallyl)-2-tosylpent-4-enoate 258 (1.02 g, 95%) as a pale yellow oil; Rf 0.30 
(20% EtOAc–petrol); νmax (film) 3060, 3026, 2949, 1736, 1639, 1597, 1493, 1439, 1317, 1217, 1142, 1082, 
906, 816, 744, 702, 663, 573 cm−1; δH (400 MHz, CDCl3) 7.65 (2H, d, J 8.5 Hz, ortho Ts), 7.35-7.16 (12H, m, 
meta Ts and Ph), 4.91 (4H, s, C=CH2), 3.55 (3H, s, O-CH3), 3.43 (4H, s, Ph-CH2), [3.03 (2H, d, J 15.5 Hz), 
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2.89 (2H, d, J 15.5 Hz), Ts-C-CHH], 2.48 (3H, s, Ts CH3); δC (101 MHz, CDCl3) 168.6 (C=O), 145.1 (4°), 143.2 
(4°), 139.1 (4°), 133.8 (4°), 130.5 (3°), 129.3 (3°), 129.2 (3°), 128.3 (3°), 126.2 (3°), 116.3 (C=CH2), 76.4 (Ts-
C), 52.6 (O-CH3), 44.5 (Ph-CH2), 35.8 (Ts-C-CH2), 21.7 (Ts CH3); m/z (CI) 506 [M+NH4]
+, 489 [M+H]+, 352, 
333, 174 (Found: [M+NH4]
+, 506.2373. C30H32O4S requires [M+NH4]
+, 506.2365). 
Methyl 4-phenyl-2-(2-phenylallyl)-2-tosylpent-4-enoate 25497 
 
General procedure F was followed on methyl 2-tosylacetate 191 (114 mg, 0.500 mmol, 1 equiv) using 
carbonate 230 (211 mg, 1.10 mmol, 2.2 equiv) in THF (10 mL). The reaction was heated under reflux for 
2.5 h. After workup the crude was purified by column chromatography (10% EtOAc–petrol) isolating 
methyl 4-phenyl-2-(2-phenylallyl)-2-tosylpent-4-enoate 254 (174 mg, 75%) as a colourless gum; Rf 0.50 
(20% EtOAc–petrol); νmax (film) 3082, 3056, 3029, 2950, 1733, 1627, 1597, 1493, 1442, 1318, 1304, 1291, 
1267, 1221, 1184, 1142, 1083, 1054, 910, 817, 778, 759, 736, 702, 665, 638 cm−1; δH (300 MHz, CDCl3) 
7.82 (2H, d, J 8.0 Hz, ortho Ts), 7.35 (2H, d, J 8.0 Hz, meta Ts), 7.34-7.12 (10H, m, Ph), 5.34 (2H, s, 
C=CHH), 5.26 (2H, s, C=CHH), [3.37 (2H, d, J 15.0 Hz), 3.26 (2H, d, J 15.0 Hz), CHH], 3.03 (3H, s, O-CH3), 
2.47 (3H, Ts CH3); δC (75 MHz, CDCl3) 168.2 (C=O), 145.0 (4°), 143.0 (4°), 142.1 (4°), 134.6 (4°), 130.9 (3°), 
129.3 (3°), 128.0 (3°), 127.3 (3°), 126.7 (3°), 119.0 (C=CH2), 76.1 (Ts-C), 51.8 (O-CH3), 37.3 (CH2), 21.7 (Ts 
CH3); m/z (FAB) 461 [M+H]
+, 305, 273, 245, 201, 187, 105, 91, 77 (Found: [M+H]+, 461.1778. C28H28O4S 
requires [M+H]+, 461.1787) (Found: C, 72.94; H, 6.07. C28H28O4S requires C, 73.02; H, 6.13%); in 
agreement with previously reported spectroscopic data.  
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3.4.3. Allylation 0-1 
 
Methyl 4-methyl-2-tosylpent-4-enoate 21997 
 
To a solution of methyl 2-tosylacetate 191 (4.00 g, 17.5 mmol, 1 equiv) and Bu4NI (6.11 g, 16.5 mmol, 
0.94 equiv) in DMF (32 mL), DBU (4.94 mL, 33.1 mmol, 1.9 equiv) was added and the reaction flask 
placed in a rt water bath. 3-Chloro-2-methylpropene (1.61 mL, 16.5 mmol, 0.94 equiv) was added 
dropwise over 1 min. The mixture was stirred at rt for 18 h, then diluted with Et2O (50 mL) and poured 
into HCl(aq) (2 M, 150 mL). The aqueous layer was extracted with Et2O (3×50 mL) and the combined 
organic phases washed with H2O (2×300 mL), dried (MgSO4) and the solvent evaporated in vacuo leaving 
an orange oil. Purification by column chromatography (20% EtOAc–petrol) gave methyl 4-methyl-2-
tosylpent-4-enoate 219 (3.27 g, 70%) as a colourless oil and additionally the bis-allylated, methyl 4-
methyl-2-(2-methylallyl)-2-tosylpent-4-enoate 210 (481 mg, 9%) as a yellow oil. 
219: Rf 0.38 (20% EtOAc–petrol); δH (400 MHz, CDCl3) 7.75 (2H, d, J 8.5 Hz, ortho Ts), 7.37 (2H, d, J 8.5 Hz, 
meta Ts), 4.79 (1H, s, C=CHH), 4.67 (1H, s, C=CHH), 4.14 (1H, dd, J 10.5, 5.0 Hz, Ts-CH), 3.65 (3H, s, O-
CH3), 2.68-2.64 (2H, m, CH2), 2.46 (3H, s, Ts CH3), 1.70 (3H, s, CH2=C-CH3); δC (101 MHz, CDCl3) 166.2 
(C=O), 145.6 (4°), 139.7 (4°), 133.9 (4°), 129.8 (3°), 129.4 (3°), 113.5 (C=CH2), 69.4 (Ts-C), 52.9 (O-CH3), 
34. 6 (CH2), 22.3 (CH2=C-CH3), 21.7 (Ts CH3); in agreement with previously reported spectroscopic data.  
210: As previously reported. 
Methyl 2-allyl-2-tosylpent-4-enoate 26097 and methyl 2-tosylpent-4-enoate 25997 
 
Methyl 2-tosylacetate 191 (3.00 g, 13.2 mmol, 1 equiv) and DBU (4.01 g, 26.3 mmol, 2 equiv) were 
mixed in DMF (20 mL) and cooled to 0 °C. Allyl bromide 223 (1.59 g, 13.2 mmol, 1 equiv) was added 
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dropwise over 5 min. The solution was stirred at rt for 66 h then diluted with Et2O (50 mL). The mixture 
was poured into HCl(aq) (2 M, 150 mL) and extracted with Et2O (3×50 mL). The combined organic extracts 
were washed with H2O (2×200 mL), dried (MgSO4) and the solvent evaporated in vacuo to leave a yellow 
oil. Purification by column chromatography (20% EtOAc–petrol) gave methyl 2-allyl-2-tosylpent-4-
enoate 260 (534 mg, 13%) as a colourless oil and methyl 2-tosylpent-4-enoate 259 (2.16 g, 61%) as a 
colourless oil.   
260: Rf 0.39 (20% EtOAc–petrol); δH (300 MHz, CDCl3) 7.68 (2H, d, J 8.0 Hz, ortho Ts), 7.33 (2H, d, J 8.0 Hz, 
meta Ts), 5.91-5.75 (2H, m, H2C=CH), 5.24-5.05 (4H, m, C=CHH), 3.63 (3H, s, O-CH3), 2.94-2.73 (4H, m, Ts-
C-CH2), 2.44 (3H, s, Ts CH3); δC (75 MHz, CDCl3) 167.9 (C=O), 145.4 (4°), 133.2 (4°), 131.4 (CH=CH2), 
[130.2, 129.4, 2×Ts 3°], 120.1 (CH=CH2), 75.2 (Ts-C), 52.8 (O-CH3), 34.8 (Ts-C-CH2), 21.7 (Ts CH3); in 
agreement with previously reported spectroscopic data.  
259: Rf 0.32 (20% EtOAc–petrol); δH (300 MHz, CDCl3) 7.74 (2H, d, J 8.0 Hz, ortho Ts), 7.36 (2H, d, J 8.0 Hz, 
meta Ts), 5.70-5.57 (1H, m, H2C=CH), 5.14-5.04 (2H, m, H2C=CH), 3.99 (1H, dd, J 11.0, 4.0 Hz, Ts-C-H), 
3.65 (3H, s, O-CH3), 2.79-2.61 (2H, m, Ts-C-CH2), 2.45 (3H, s, Ts CH3); δC (75 MHz, CDCl3) 165.9 (C=O), 
145.6 (4°), 133.9 (4°), 131.7 (CH=CH2), [129.8, 129.3, 2×Ts 3°], 119.0 (CH=CH2), 70.1 (Ts-CH), 52.9 (O-
CH3), 31.0 (Ts-C-CH2), 21.7 (Ts CH3); in agreement with previously reported spectroscopic data.  
Methyl 4-phenyl-2-tosylpent-4-enoate 26197 
 
General procedure F was followed on methyl 2-tosylacetate 191 (4.75 g, 20.8 mmol, 1 equiv) using 
carbonate 230 (4.00 g, 20.8 mmol, 1 equiv) in THF (100 mL). The reaction was heated under reflux for 1 
h. After workup the crude was purified by column chromatography (10→20% EtOAc–petrol) isolating 
methyl 4-phenyl-2-tosylpent-4-enoate 261 (6.23 g, 87%) and methyl 4-phenyl-2-(2-phenylallyl)-2-
tosylpent-4-enoate 254 (603 mg, 6%) both as colourless gums. 
261: Rf 0.27 (20% EtOAc–petrol); δH (300 MHz, CDCl3) 7.77 (2H, d, J 8.0 Hz, ortho Ts), 7.39 (2H, d, J 8.0 Hz, 
meta Ts), 7.34-7.27 (5H, m, Ph), 5.35 (1H, s, C=CHH), 5.11 (1H, s, C=CHH), 4.07 (1H, dd, J 12.0, 3.0 Hz, Ts-
CH), 3.60 (3H, s, O-CH3), [3.35 (1H, brd, J 14.0 Hz), 3.08 (1H, dd, J 14.0, 12.0 Hz), CH2], 2.49 (3H, s, Ts 
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CH3); δC (75 MHz, CDCl3) 165.9 (C=O), [145.6, 142.7, 138.8, 134.1 4×4°], [129.8, 129.4, 128.6 3×3°], 128.2 
(para Ph), 126.1 (2×3°), 115.9 (C=CH2), 69.6 (Ts-CH), 52.8 (O-CH3), 32.7 (Ts-C-CH2), 21.7 (Ts CH3); in 
agreement with previously reported spectroscopic data.  
254: As previously reported. 
Methyl 4-methylene-2-tosyldodecanoate 262 
 
General procedure F was followed on the methyl 2-tosylacetate 191 (1.50 g, 6.57 mmol, 1 equiv) using 
carbonate 231 (1.50 g, 6.57 mmol, 1 equiv) in THF (70 mL). With Pd2(dba)3 (150 mg, 2.5 mol%) and 
triphenylphosphine (172 mg, 10 mol%). The reaction was heated under reflux for 1 h. After workup the 
crude was purified by column chromatography (twice 5→10% then 2→5% EtOAc–petrol) isolating 
methyl 4-methylene-2-tosyldodecanoate 262 (2.18 g, 87%) as a pale yellow oil; Rf 0.38 (20% EtOAc–
petrol); νmax (film) 3074, 2925, 2856, 1745, 1647, 1597, 1439, 1327, 1267, 1200, 1149, 1086, 1020, 960, 
901, 845, 719, 685, 571, 519 cm−1; δH (400 MHz, CDCl3) 7.75 (2H, d, J 8.5 Hz, ortho Ts), 7.36 (2H, d, J 8.5 
Hz, meta Ts), 4.77 (1H, s, C=CHH), 4.68 (1H, s, C=CHH), 4.12 (1H, dd, J 11.5, 4.0 Hz, Ts-CH), 3.64 (3H, s, O-
CH3), 2.64-2.59 (2H, m, Ts-C-CH2), 2.45 (3H, s, Ts CH3), 1.95 (2H, t, J 7.5 Hz, H2C=C-CH2-CH2), 1.42-1.17 
(12H, m, 6×CH2), 0.87 (3H, t, J 7.0 Hz, CH2-CH3); δC (101 MHz, CDCl3) 166.1 (C=O), 145.5 (4°), 144.0 (4°), 
134.0 (4°), 129.8 (3°), 129.3 (3°), 112.1 (C=CH2), 69.5 (Ts-CH), 52.9 (O-CH3), [35.8, 32.8, 31.8, 29.4, 29.2, 
29.1, 27.4, 22.6, 8×CH2], 21.7 (Ts CH3), 14.1 (CH2-CH3); m/z (ESI) 403 [M+Na]
+ (Found: [M+Na]+, 403.1927. 
C21H32O4S requires [M+Na]
+, 403.1919) (Found: C, 66.38; H, 8.50. C21H32O4S requires C, 66.28; H, 8.48%). 
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Methyl 4-(benzyloxymethyl)-2-tosylpent-4-enoate 263 
 
General procedure F was followed on the methyl 2-tosylacetate 191 (500 mg, 2.19 mmol, 1 equiv) using 
carbonate 236 (502 mg, 2.19 mmol, 1 equiv) in THF (30 mL). The reaction was heated under reflux for 2 
h. The THF was removed in vacuo and the residue purified by column chromatography (20% EtOAc–
petrol) isolating methyl 4-(benzyloxymethyl)-2-tosylpent-4-enoate 263 (785 mg, 92%) as a yellow gum; 
Rf 0.26 (20% EtOAc–petrol); νmax (film) 3030, 2952, 2924, 2856, 1743, 1649, 1597, 1495, 1437, 1325, 
1200, 1147, 1086, 916, 816, 739, 700, 665, 571, 520 cm−1; δH (400 MHz, CDCl3) 7.76 (2H, d, J 8.5 Hz, 
ortho Ts), 7.41-7.29 (7H, m, Ph and meta Ts), 5.13 (1H, s, C=CHH), 4.97 (1H, s, C=CHH), 4.45 (2H, s, Ph-
CH2), 4.30 (1H, dd, J 11.5, 3.5 Hz, Ts-CH), 3.94 (2H, s, BnO-CH2), 3.66 (3H, s, O-CH3), 2.88-2.71 (2H, m, Ts-
CH-CH2), 2.48 (3H, s, Ts CH3); δC (101 MHz, CDCl3) 166.1 (C=O), 145.5 (4°), 140.5 (4°), 137.9 (4°), 134.0 
(4°), 129.8 (3°), 129.3 (3°), 128.4 (3°), 128.3 (3°), 127.7 (3°), 115.7 (C=CH2), [72.8, 72.2, 2×O-CH2], 69.3 
(Ts-CH), 52.9 (O-CH3), 30.7 (Ts-CH-CH2), 21.8 (Ts CH3); m/z (CI) 406 [M+NH4]
+, 312, 174 (Found: 
[M+NH4]
+, 406.1689. C21H24O5S requires [M+NH4]
+, 406.1688) (Found: C, 65.04; H, 6.34. C21H24O5S 
requires C, 64.93; H, 6.23%). 
Methyl 4-(phenoxymethyl)-2-tosylpent-4-enoate 264 as a mixture with methyl 4-(phenoxymethyl)-2-
(2-(phenoxymethyl)allyl)-2-tosylpent-4-enoate 256 
 
Formation of mixture 1- Yield reported later over 2 steps 
General procedure F was followed on the methyl 2-tosylacetate 191 (1.47 g, 6.43 mmol, 1 equiv) using 
carbonate 243 (1.70 g, 6.43 mmol, 1 equiv) in THF (30.9 mL). The reaction was heated under reflux for 2 
h. After workup the crude was purified by column chromatography (10→30% EtOAc–petrol) isolating 
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methyl 4-(phenoxymethyl)-2-tosylpent-4-enoate 264 as a mixture with methyl 4-(phenoxymethyl)-2-(2-
(phenoxymethyl)allyl)-2-tosylpent-4-enoate 256 (~7:1, 857 mg) as a yellow oil. 
Formation of mixture 2- Yield reported later over 2 steps 
General procedure F was followed on the methyl 2-tosylacetate 191 (1.50 g, 6.57 mmol, 1 equiv) using 
carbonate 243 (1.46 g, 6.57 mmol, 1 equiv) in THF (70 mL). With Pd2(dba)3 (150 mg, 2.5 mol%) and 
triphenylphosphine (172 mg, 10 mol%). The reaction was heated under reflux for 2 h. After workup 
using CH2Cl2 (instead of EtOAc), the crude was purified by column chromatography (twice 5→20% 
EtOAc–petrol) isolating methyl 4-(phenoxymethyl)-2-tosylpent-4-enoate 264 as a mixture with methyl 4-
(phenoxymethyl)-2-(2-(phenoxymethyl)allyl)-2-tosylpent-4-enoate 256 (~12.5:1, 1.49 g) as a yellow oil 
yields reported later over 2 steps. 
264 as part of a mixture with 256: Rf 0.28 (20% EtOAc–petrol); δH (400 MHz, CDCl3) 7.77 (2H, d, J 8.5 Hz, 
ortho Ts), 7.38 (2H, dd, J 8.5, 8.0 Hz, meta Ts), 7.28 (2H, app.t, J 8.0 Hz, meta Ph), 6.97 (1H, t, J 7.5 Hz, 
para Ph), 6.84 (2H, d, J 7.5 Hz, ortho Ph), 5.23 (1H, s, C=CHH), 5.06 (1H, s, C=CHH), 4.44 (2H, s, O-CH2), 
4.31 (1H, dd, J 12.0, 3.5 Hz, Ts-CH), 3.66 (3H, s, O-CH3), 2.97-2.76 (2H, m, Ts-CH-CH2), 2.48 (3H, s, Ts CH3); 
δC (101 MHz, CDCl3) 166.0 (C=O), 158.2 (ipso Ph), 145.6 (4°), 139.4 (4°), 134.0 (4°), [129.8, 129.5, 129.3, 
meta Ph and 2×Ts 3°], 121.2 (para Ph), 116.3 (C=CH2), 114.7 (ortho Ph), [70.4, 69.3, Ts-CH and O-CH2], 
53.0 (O-CH3), 30.6 (Ts-C-CH2), 21.8 (Ts CH3). 
3.4.4 Allylation 1-2  
 
Methyl 2-allyl-4-phenyl-2-tosylpent-4-enoate 26597 
 
General procedure F was followed on alkene 259 (268 mg, 1.00 mmol, 1 equiv) using carbonate 230 (211 
mg, 1.10 mmol, 1.1 equiv) in THF (20 mL). The reaction was heated under reflux for 2 h. After workup 
using Et2O (instead of EtOAc), the crude was purified by column chromatography (10% EtOAc–petrol) 
isolating methyl 2-allyl-4-phenyl-2-tosylpent-4-enoate 265 (363 mg, 94%) as a pale yellow gum; Rf 0.40 
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(20% EtOAc–petrol); νmax (film) 3080, 3057, 3030, 2983, 2951, 1740, 1731, 1629, 1597, 1493, 1443, 1404, 
1317, 1304, 1291, 1270, 1218, 1185, 1143, 1082, 1040, 914, 834, 818, 803, 778, 736, 707, 666, 645 cm−1; 
δH (300 MHz, CDCl3) 7.77 (2H, d, J 8.0 Hz, ortho Ts), 7.35 (2H, d, J 8.0 Hz, meta Ts), 7.34-7.21 (5H, m, Ph), 
6.10 (1H, m, H2C=CH), 5.28 (1H, s, C=CHH), 5.19-5.05 (3H, m, CH=CH2 and C=CHH), [3.39 (1H, d, J 14.0 
Hz), 3.12 (1H, d, J 14.0 Hz) Ph-C(=CH2)-CH2], 3.26 (3H, s, O-CH3), [2.95 (1H, dd, J 16.0, 5.5 Hz), 2.72 (1H, 
dd, J 16.0, 5.5 Hz) H2C=CH-CH2], 2.46 (3H, s, Ts CH3); δC (75 MHz, CDCl3) 167.8 (ester C=O), 145.3 (4°), 
142.8 (4°), 140.9 (4°), 133.9 (4°), 132.6 (CH=CH2), 130.7 (3°), 129.3 (3°), 128.2 (3°), 127.8 (para Ph), 126.9 
(3°), [119.1, 118.7, C=CH2 and CH=CH2], 75.2 (Ts-C), 52.3 (O-CH3), [38.1, 35.3, 2×Ts-C-CH2], 21.7 (Ts CH3); 
m/z (FAB) 385 [M+H]+, 229, 169, 91 (Found: [M+H]+, 385.1483. C22H24O4S requires [M+H]
+, 385.1474) 
(Found: C, 68.84; H, 6.23. C22H24O4S requires C, 68.72; H, 6.29%); in agreement with previously reported 
spectroscopic data.  
Methyl 2-allyl-4-methyl-2-tosylpent-4-enoate 26697 
CO2MeTs
OCO2Me
CO2MeTs
266217259  
General procedure F was followed on alkene 259 (537 mg, 2.00 mmol, 1 equiv) using carbonate 217 (286 
mg, 2.20 mmol, 1.1 equiv) in THF (20 mL). The reaction was heated under reflux for 2 h. After workup 
the crude was purified by column chromatography (10% EtOAc–petrol) isolating methyl 2-allyl-4-methyl-
2-tosylpent-4-enoate 266 (602 mg, 89%) as a pale yellow solid (mp 86–87 °C, EtOAc–petrol; lit.97 88–89 
°C, EtOAc–petrol); Rf 0.39 (20% EtOAc–petrol); δH (300 MHz, CDCl3) 7.69 (2H, d, J 8.0 Hz, ortho Ts), 7.33 
(2H, d, J 8.0 Hz, meta Ts), 6.14-6.01 (1H, m, H2C=CH), 5.19-5.09 (2H, m, H2C=CH), 4.87 (1H, s, C=CHH), 
4.72 (1H, s, C=CHH), 3.67 (3H, s, O-CH3), 3.02-2.69 (4H, m, 2×Ts-C-CH2), 2.44 (3H, s, Ts CH3), 1.61 (3H, s, 
CH2=C-CH3); δC (75 MHz, CDCl3) 168.6 (C=O), 145.3 (4°), 138.9 (4°), 133.4 (4°), 132.4 (CH=CH2), [130.5, 
129.3, 2×Ts 3°), [118.9, 116.1, CH=CH2 and C=CH2] 75.0 (Ts-C), 52.7 (O-CH3), [39.1, 34.9, 2×Ts-C-CH2] 23.5 
(CH2=C-CH3), 21.7 (Ts CH3); in agreement with previously reported spectroscopic data.  
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Methyl 4-methyl-2-(2-phenylallyl)-2-tosylpent-4-enoate 25397 
 
To a mixture of alkene 261 (344 mg, 1.00 mmol, 1 equiv), n-Bu4NI (269 mg, 1.00 mmol, 1 equiv) and DBU 
(0.598 mL, 4.00 mmol, 4 equiv) in DMF (1 mL), 3-chloro-2-methylpropene 211 (0.390 mL, 4.00 mmol, 4 
equiv) was added dropwise over 30 s. The mixture was stirred at rt for 18 h, diluted with Et2O (10 mL) 
and poured into HCl(aq) (2 M, 30 mL). Extraction with Et2O (3×10 mL), drying of the combined organic 
phases (MgSO4) and evaporation of the solvent in vacuo gave a yellow oil. Purification by column 
chromatography afforded methyl 4-methyl-2-(2-phenylallyl)-2-tosylpent-4-enoate 253 (293 mg, 73%) as 
a colourless oil; Rf 0.33 (20% EtOAc–petrol); δH (300 MHz, CDCl3) 7.79 (2H, d, J 8.0 Hz, ortho Ts), 7.33 (2H, 
d, J 8.0 Hz, meta Ts), 7.31-7.23 (5H, m, Ph), 5.34 (1H, s, Ph-C=CHH), 5.26 (1H, s, Ph-C=CHH), 4.89 (1H, s, 
CH3-C=CHH), 4.78 (1H, s, CH3-C=CHH), 3.34 (2H, s, PhC(=CH2)-CH2), 3.25 (3H, s, O-CH3), [2.88 (1H, d, J 
15.5 Hz), 2.76 (1H, d, J 15.5 Hz), CH3C(=CH2)-CH2], 2.44 (3H, s, Ts CH3), 1.60 (3H, s, CH2=C-CH3); δC (75 
MHz, CDCl3) 168.4 (C=O), 145.0 (4°), 142.9 (4°), 141.6 (4°), 140.1 (4°), 134.6 (4°), 130.8 (3°), 129.2 (3°), 
128.1 (3°), 127.5 (para Ph), 126.7 (3°), [119.4, 115.9, 2×C=CH2], 75.9 (Ts-C), 52.1 (O-CH3), [38.8, 38.0, 
2×Ts-C-CH2], 24.1 (CH2=C-CH3), 21.7 (Ts CH3); in agreement with previously reported spectroscopic data.  
 Methyl 4-methyl-2-(2-(phenoxymethyl)allyl)-2-tosylpent-4-enoate 267 
Method 1 
 
Mixture 1 of 264 and 256 (749 mg, 2.00 mmol, 1 equiv – all quantities based on the mixture being pure 
264), n-Bu4NI (739 mg, 2.00 mmol, 1 equiv) and DBU (1.20 mL, 8.00 mmol, 4 equiv) were mixed in DMF 
(2 mL) at rt. Then 3-chloro-2-methylpropene 211 (0.781 mL, 8.00 mL, 4 equiv) was added dropwise over 
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30 s and the mixture stirred for 20 h. The mixture was diluted with Et2O (10 mL), quenched with HCl(aq) (2 
M, 30 mL), then extracted with Et2O (3×10 mL). The combined organic extracts were dried (MgSO4) and 
the solvent evaporated in vacuo to give a yellow oil. Purification by column chromatography (10→20% 
EtOAc–petrol) gave methyl 4-methyl-2-(2-(phenoxymethyl)allyl)-2-tosylpent-4-enoate 267 (525 mg, 22% 
over two steps) as well as methyl 4-(phenoxymethyl)-2-(2-(phenoxymethyl)allyl)-2-tosylpent-4-enoate 
256 (89.0 mg, 4.4% over two steps) both as colourless oils. 
267: Rf 0.32 (20% EtOAc–petrol); νmax (film) 3066, 3030, 2951, 2924, 1732, 1645, 1597, 1495, 1454, 1435, 
1317, 1242, 1140, 1082, 1034, 908, 818, 754, 663 cm−1; δH (300 MHz, CDCl3) 7.75 (2H, d, J 8.0 Hz, ortho 
Ts), 7.36-7.23 (4H, m, meta Ts and meta Ph), 6.98-6.90 (3H, m, ortho and para Ph), 5.47 (1H, s, 
PhOCH2C=CHH), 5.31 (1H, s, PhOCH2C=CHH), 4.95 (1H, s, CH3-C=CHH), 4.79 (1H, s, CH3-C=CHH), 4.59 (2H, 
s, PhO-CH2), 3.54 (3H, s, O-CH3), [3.20 (1H, d, J 15.5 Hz), 3.02 (1H, d, J 15.5 Hz) PhOCH2C(=CH2)-CH2], 
[2.95 (1H, d, J 15.0 Hz), 2.86 (1H, d, J 15.0 Hz) CH3C(=CH2)-CH2], 2.44 (3H, s, Ts CH3), 1.73 (3H, s, CH2=C-
CH3); δC (75 MHz, CDCl3) 168.7 (C=O), 158.8 (ipso Ph), 145.3 (4°), 139.5 (4°), 139.1 (4°), 134.0 (4°), 130.7 
(3°), 129.4 (3°), 129.3 (3°), 120.8 (para Ph), [118.7, 116.1, 2×C=CH2], 114.9 (ortho Ph), 76.09 (Ts-C), 71.5 
(PhO-CH2), 52.6 (O-CH3), [39.9, 34.2, 2×Ts-C-CH2], 24.1 (CH2=C-CH3), 21.7 (Ts CH3); m/z (CI) 446 [M+NH4]
+, 
429 [M+H]+ (Found: [M+H]+, 429.1729. C24H28O5S requires [M+H]
+, 429.1736) (Found: C, 67.30; H, 6.52. 
C24H28O5S requires C, 67.26; H, 6.59%). 
256: As reported previously. 
Method 2 
 
General procedure F was followed on alkene 219 (500 mg, 1.77 mmol, 1 equiv) using carbonate 243 (515 
mg, 1.95 mmol, 1.1 equiv) in THF (17 mL). The reaction was heated under reflux for 2 h. After workup 
the crude was purified by column chromatography (twice 5→20% then 5→10% EtOAc–petrol) isolating 
methyl 4-methyl-2-(2-(phenoxymethyl)allyl)-2-tosylpent-4-enoate 267 (638 mg, 83%) as a colourless oil; 
data as previously reported. 
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Methyl 4-methylene-2-(2-phenylallyl)-2-tosyldodecanoate 268 
 
General procedure F was followed on alkene 261 (500 mg, 1.45 mmol, 1 equiv) using carbonate 231 (364 
mg, 1.60 mmol, 1.1 equiv) in THF (15 mL). The reaction was heated under reflux for 2 h. After workup 
the crude was purified by column chromatography (three times 10% then 2×20% EtOAc–petrol) isolating 
methyl 4-methylene-2-(2-phenylallyl)-2-tosyldodecanoate 268 (502 mg, 70%) as a colourless crystalline 
solid (mp 61–62 °C, EtOAc–petrol); Rf 0.51 (20% EtOAc–petrol); νmax (film) 2925, 2854, 1736, 1639, 1597, 
1493, 1441, 1321, 1304, 1219, 1144, 1082, 906, 818, 777, 663 cm−1; δH (300 MHz, CDCl3) 7.76 (2H, d, J 
8.0 Hz, ortho Ts), 7.33 (2H, d, J 8.0 Hz, meta Ts), 7.31-7.26 (5H, m, Ph), 5.36 (1H, s, Ph-C=CHH), 5.29 (1H, 
s, Ph-C=CHH), 4.88 (1H, s, octyl-C=CHH), 4.76 (1H, s, octyl-C=CHH), [2.80 (1H, d, J 15.0 Hz), 2.76 (1H, d, J 
15.0 Hz), PhC(=CH2)-CH2], 3.30 (3H, s, O-CH3), [2.84 (1H, d, J 16.0 Hz), 2.76 (1H, d, J 16.0 Hz), octyl-
C(=CH2)-CH2], 2.45 (3H, s, Ts CH3), 1.77 (2H, t, J 7.0 Hz, CH3(CH2)6-CH2), 1.34-1.03 (12H, m, other octyl 
CH2), 0.90 (3H, t, J 6.5 Hz, CH2-CH3); δC (75 MHz, CDCl3) 168.5 (C=O), 145.0 (4°), 144.0 (4°), 143.1 (4°), 
141.9 (4°), 134.5 (4°), 130.7 (3°), 129.2 (3°), 128.1 (3°), 127.4 (para Ph), 126.8 (3°), [119.4, 113.5, 
2×C=CH2], 76.1 (Ts-C), 52.1 (O-CH3), [37.4, 37.1, 36.9, 31.9, 29.5, 29.3 (×2), 27.7, 22.7, 9×CH2], 21.7 (Ts 
CH3), 14.1 (CH2-CH3); m/z (FAB) 497 [M+H]
+, 341 (Found: [M]+, 496.2644. C30H40O4S requires [M]
+, 
496.2647) (Found: C, 72.61; H, 8.16. C30H40O4S requires C, 72.54; H, 8.12%). 
Methyl 6,6-dimethyl-2-(2-methylallyl)-4-methylene-2-tosylheptanoate 269 
 
General procedure F was followed on alkene 219 (500 mg, 1.77 mmol, 1 equiv) using carbonate 232 (363 
mg, 1.95 mmol, 1.1 equiv) in THF (17 mL). The reaction was heated under reflux for 1 h. After workup 
the crude orange oil was purified by column chromatography (twice 5→10% then 2.5→10% EtOAc–
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petrol) isolating methyl 6,6-dimethyl-2-(2-methylallyl)-4-methylene-2-tosylheptanoate 269 (610 mg, 
88%) as a colourless crystalline solid (mp 78–80 °C, EtOAc–petrol); Rf 0.43 (20% EtOAc–petrol); νmax (film) 
2952, 2866, 1736, 1643, 1597, 1437, 1319, 1304, 1213, 1144, 1082, 901, 816, 710 cm−1; δH (400 MHz, 
CDCl3) 7.74 (2H, d, J 8.5 Hz, ortho Ts), 7.34 (2H, d, J 8.5 Hz, meta Ts), [4.96 (1H, s), 4.93 (1H, s), 4.91 (1H, 
s), 4.83 (1H, s), 4×C=CHH], 3.60 (3H, s, O-CH3), [3.04 (1H, d, J 15.0 Hz), 2.88 (1H, d, J 15.0 Hz), Ts-C-CH2; 
2.95 (1H, d, J 15.0 Hz), 2.91 (1H, d, J 15.0 Hz), Ts-C-CH2], 2.47 (3H, s, Ts CH3), [2.02 (1H, d, J 13.0 Hz), 1.93 
(1H, d, J 13.0 Hz), C(=CH2)-CH2-
tBu], 1.80 (3H, s, CH2=C-CH3), 0.89 (9H, s, 
tBu); δC (101 MHz, CDCl3) 168.8 
(C=O), 145.0 (4°), 141.2 (4°), 140.0 (4°), 134.2 (4°), 130.6 (3°), 129.2 (3°), [177.7, 116.1, 2×C=CH2], 76.7 
(Ts-C overlaps with CDCl3), [52.4, 51.5, 38.6, 38.1, 31.7, O-CH3 and 3×CH2 and 
tBu C], 29.8 (tBu CH3), 24.4 
(CH2=C-CH3), 21.7 (Ts CH3); m/z (CI) 410 [M+NH4]
+, 393 [M+H]+, 239, 174 (Found: [M+NH4]
+, 410.2358. 
C22H32O4S requires [M+NH4]
+, 410.2365) (Found: C, 67.37; H, 8.19. C22H32O4S requires C, 67.31; H, 8.22%). 
Methyl 2-(2-methylallyl)-4-methylene-2-tosyldodecanoate 270 
 
General procedure F was followed on alkene 219 (1.00 g, 3.54 mmol, 1 equiv) using carbonate 231 (888 
mg, 3.90 mmol, 1.1 equiv) in THF (34 mL). The reaction was heated under reflux for 1 h. After workup 
the crude brown oil was purified by column chromatography (2.5→10% EtOAc–petrol) isolating methyl 
2-(2-methylallyl)-4-methylene-2-tosyldodecanoate 270 (611 mg, 40%) as a yellow oil and a mixture 
(mixture 3) of the same product with dba (862 mg) as a yellow oil (overall yield reported later over 2 
steps); Rf 0.55 (20% EtOAc–petrol); νmax (film) 2918, 2850, 1732, 1643, 1595, 1450, 1303, 1211, 1142, 
1082, 899, 816, 708, 663, 577, 523 cm−1; δH (400 MHz, CDCl3) 7.74 (2H, d, J 8.0 Hz, ortho Ts), 7.33 (2H, d, 
J 8.0 Hz, meta Ts), [4.94 (1H, s), 4.93 (1H, s), 4.82 (1H, s), 4.80 (1H, s), 4×C=CHH], 3.59 (3H, s, O-CH3), 
[3.00 (1H, d, J 15.0 Hz), 2.93 (1H, d, J 15.0 Hz), 2.86 (1H, d, J 15.0 Hz), 2.83 (1H, d, J 15.0 Hz), 4×Ts-C-
CHH], 2.46 (3H, s, Ts CH3), 2.10-1.93 (2H, m, CH2=C-CH2-CH2), 1.79 (3H, s, C-CH3), 1.48-1.19 (12H, m, 
6×CH2), 0.89 (3H, t, J 6.5 Hz, CH2-CH3); δC (101 MHz, CDCl3) 168.9 (C=O), 145.0 (4°), 143.8 (4°), 139.9 (4°), 
134.2 (4°), 130.6 (ortho Ts), 129.2 (meta Ts), [116.2, 114.2, 2×C=CH2], 76.2 (Ts-C), 52.5 (O-CH3), [38.5, 
37.7, 37.2, 31.9, 29.5, 29.3, 29.3, 28.0, 24.4, 22.7, 9×CH2 and CH2=C-CH3], 21.7 (Ts CH3), 14.1 (CH2-CH3); 
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m/z (CI) 452 [M+NH4]
+, 435 [M+H]+ (Found: [M+H]+, 435.2560. C25H38O4S requires [M+H]
+, 435.2569) 
(Found: C, 69.01; H, 8.75. C25H38O4S requires C, 69.09; H, 8.81%). 
Methyl 4-benzyl-2-(2-methylallyl)-2-tosylpent-4-enoate 271 
 
General procedure F was followed on alkene 219 (500 mg, 1.77 mmol, 1 equiv) using carbonate 235 (402 
mg, 1.95 mmol, 1.1 equiv) in THF (20 mL). The reaction was heated under reflux for 1.5 h. After workup 
the crude brown oil was purified by column chromatography (5→20% EtOAc–petrol) isolating methyl 4-
benzyl-2-(2-methylallyl)-2-tosylpent-4-enoate 271 (691 mg, 95%) as a pale yellow oil; Rf 0.36 (20% 
EtOAc–petrol); νmax (film) 3084, 3028, 2951, 2922, 1736, 1641, 1597, 1495, 1437, 1317, 1215, 1142, 
1082, 903, 816, 744, 704, 663, 575, 523 cm−1; δH (400 MHz, CDCl3) 7.72 (2H, d, J 8.5 Hz, ortho Ts), 7.37-
7.27 (4H, m, meta Ts and meta Ph), 7.26-7.17 (3H, m, ortho and para Ph), [4.98 (1H, s), 4.94 (1H, s), 4.92 
(1H, s), 4.77 (1H, s), 4×C=CHH], 3.60 (3H, s, O-CH3), 3.44 (2H, s, Ph-CH2), 3.09-2.80 (4H, m, 2×Ts-C-CH2), 
2.48 (3H, s, Ts CH3), 1.77 (3H, s, CH2=C-CH3); δC (101 MHz, CDCl3) 168.8 (C=O), 145.1 (4°), 143.2 (4°), 
139.7 (4°), 139.3 (4°), 134.0 (4°), 130.7 (3°), 129.3 (3°), 129.2 (3°), 128.3 (3°), 126.2 (3°), [116.7, 116.0, 
2×C=CH2], 76.2 (Ts-C), 52.6 (O-CH3), 44.4 (Ph-CH2), [38.7, 36.1, 2×Ts-C-CH2], 24.4 (CH2=C-CH3), 21.7 (Ts 
CH3); m/z (CI) 430 [M+NH4]
+, 413 [M+H]+, 354, 300 (Found: [M+NH4]
+, 430.2054. C24H28O4S requires 
[M+NH4]
+, 430.2052). 
Methyl 2-(2-benzylallyl)-4-methylene-2-tosyldodecanoate 272 
 
General procedure F was followed on alkene 262 (839 mg, 2.20 mmol, 1 equiv) using carbonate 235 (500 
mg, 2.42 mmol, 1.1 equiv) in THF (24 mL). The reaction was heated under reflux for 3 h. After workup 
the crude was purified by column chromatography (2→10% EtOAc–petrol) isolating methyl 2-(2-
183 
 
benzylallyl)-4-methylene-2-tosyldodecanoate 272 (1.05 g, 94%) as a yellow oil; Rf 0.54 (20% EtOAc–
petrol); νmax (film) 3028, 2925, 2854, 1736, 1641, 1597, 1495, 1439, 1319, 1217, 1144, 1082, 904, 816, 
702, 663, 584, 523 cm−1; δH (400 MHz, CDCl3) 7.71 (3H, d, J 8.5 Hz, ortho Ts), 7.35-7.27 (4H, m, meta Ts 
and meta Ph), 7.25-7.19 (3H, m, ortho and para Ph), [5.00 (1H, s), 4.75 (1H, s), Ph-CH2-C=CH2], 4.93 (2H, 
s, Octyl-C=CH2), 3.56 (3H, s, O-CH3), 3.47 (2H, s, Ph-CH2), [3.07-2.98 (2H, m), 2.93-2.85 (2H, m), 2×Ts-C-
CH2], 2.47 (3H, s, Ts CH3), 2.10-1.92 (2H, m, H2C=C-CH2CH2), 1.44-1.20 (12H, m, CH3(CH2)6), 0.92 (3H, t, J 
7.0 Hz, CH3-CH2); δC (101 MHz, CDCl3) 168.8 (C=O), 145.1 (4°), 143.9 (4°), 143.3 (4°), 139.4 (4°), 134.0 (4°), 
130.5 (3°), 129.3 (3°), 129.2 (3°), 128.3 (3°), 126.1 (3°), [116.7, 113.8, 2×C=CH2], 76.4 (Ts-C), 52.5 (O-CH3), 
44.4 (Ph-CH2), [37.8, 36.9, 35.6, 31.9, 29.5, 29.3 (×2), 28.0, 22.7, 9×CH2], 21.7 (Ts CH3), 14.2 (CH2-CH3); 
m/z (ESI) 533 [M+Na]+, 528 [M+NH4]
+, 511 [M+H]+ (Found: [M+H]+, 511.2869. C31H42O4S requires [M+H]
+, 
511.2882) (Found: C, 73.00; H, 8.18. C31H42O4S requires C, 72.90; H, 8.29%). 
Methyl 2-(2-(benzyloxymethyl)allyl)-4-methylene-2-tosyldodecanoate 273 
 
General procedure F was followed on alkene 262 (710 mg, 1.87 mmol, 1 equiv) using carbonate 236 (485 
mg, 2.05 mmol, 1.1 equiv) in THF (20 mL). The reaction was heated under reflux for 2 h. After workup 
the crude was purified by column chromatography (2→20% EtOAc–petrol) isolating methyl 2-(2-
(benzyloxymethyl)allyl)-4-methylene-2-tosyldodecanoate 273 (996 mg, 98%) as a colourless oil; Rf 0.51 
(20% EtOAc–petrol); νmax (film) 2925, 2854, 1736, 1643, 1597, 1452, 1319, 1213, 1144, 1082, 908, 816, 
737, 708, 663, 586, 523 cm−1; δH (400 MHz, CDCl3) 7.74 (2H, d, J 8.5 Hz, ortho Ts), 7.38-7.28 (7H, m, Ph 
and meta Ts), [5.35 (1H, s), 5.18 (1H, s), 4.92 (1H, s), 4.75 (1H, s), 4×C=CHH], [4.52 (1H, d, J 11.5 Hz), 4.50 
(1H, d, J 11.5 Hz), Ph-CHH], [4.07 (1H, d, J 13.0 Hz), 4.02 (1H, d, J 13.0 Hz), BnO-CHH], 3.58 (3H, s, O-CH3), 
[3.09 (1H, d, J 15.5 Hz), 2.95 (1H, d, J 15.5 Hz), Ts-C-CHH], [2.89 (1H, d, J 15.5 Hz), 2.87 (1H, d, J 15.5 Hz), 
Ts-C-CHH], 2.47 (3H, s, Ts CH3), 2.06-1.90 (2H, m, CH2=C-CH2-CH2), 1.44-1.19 (12H, m, 6×CH2), 0.90 (3H, t, 
J 6.5 Hz, CH2-CH3); δC (101 MHz, CDCl3) 168.8 (C=O), 145.1 (4°), 143.8 (4°), 140.1 (4°), 138.5 (4°), 134.0 
(4°), 130.6 (3°), 129.2 (3°), 128.3 (3°), 127.7 (3°), 127.5 (3°), 117.5 (C=CH2), 113.9 (C=CH2), 76.3 (Ts-C), 
74.1 (O-CH2), 72.0 (O-CH2), 52.5 (O-CH3), [37.6, 37.3, 33.5, 31.9, 29.5, 29.3, 29.3, 27.9, 22.7, 9×CH2], 21.7 
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(Ts CH3), 14.1 (CH2-CH3); m/z (ESI) 563 [M+Na]
+, 541 [M+H]+ (Found: [M+H]+, 541.2977. C32H44O5S 
requires [M+H]+, 541.2988) (Found: C, 70.99; H, 8.07. C32H44O5S requires C, 71.08; H, 8.20%). 
Methyl 4-benzyl-2-(2-(phenoxymethyl)allyl)-2-tosylpent-4-enoate 274 
Bn
OCO2Me
CO2MeTs
PhO Ph
CO2MeTs
OPh
CO2MeTs
PhO OPh
264 256 235 274  
General procedure F was followed on mixture 2 of 264 and 256 (345 mg, 1.16 mmol, 1 equiv – all 
quantities based on the mixture being pure 264) with carbonate 235 (263 mg, 1.28 mmol, 1 equiv) in 
THF (15 mL). The reaction was heated under reflux for 2 h. After workup the crude was purified by 
column chromatography (10→20% EtOAc–petrol) isolating methyl 4-benzyl-2-(2-(phenoxymethyl)allyl)-
2-tosylpent-4-enoate 274 (378 mg, 48% over two steps) as a colorless oil; Rf 0.39 (20% EtOAc–petrol); 
νmax (film) 3101, 3057, 2985, 1734, 1653, 1599, 1495, 1454, 1317, 1292, 1225, 1142, 1082, 1018, 914, 
818, 754 cm−1; δH (400 MHz, CDCl3) 7.72 (2H, d, J 8.5 Hz, ortho Ts), 7.36-7.15 (9H, m, meta Ts, Ph and 
meta OPh), 6.99 (1H, t, J 7.5 Hz, para OPh), 6.95 (2H, d, J 8.0 Hz, ortho OPh), [5.45 (1H, s), 5.25 (1H, s), 
4.95 (1H, s), 4.94 (1H, s), 4×C=CHH], 4.57 (2H, s, PhO-CH2), 3.54 (3H, s, O-CH3), 3.40 (2H, s, Ph-CH2), [3.28 
(1H, d, J 15.5 Hz), 3.10 (1H, d, J 15.5 Hz), Ts-C-CHH], [2.96 (1H, d, J 15.5 Hz), 2.90 (1H, d, J 15.5 Hz), Ts-C-
CHH], 2.48 (3H, s, Ts CH3); δC (101 MHz, CDCl3) 168.6 (C=O), 158.6 (4°), 145.3 (4°), 143.1 (4°), 139.0 (4°), 
138.9 (4°), 133.7 (4°), 130.6 (3°), 129.4 (3°), 129.3 (3°), 129.2 (3°), 128.4 (3°), 126.3 (3°), 120.8 (3°), 
[118.7, 116.2, 2×C=CH2], 114.8 (ortho OPh), 76.2 (Ts-C), 71.4 (O-CH2), 52.7 (O-CH3), 44.5 (Ph-CH2), [36.8, 
33.9, 2×Ts-C-CH2], 21.7 (Ts CH3); m/z (ESI) 1031 [2M+Na]
+, 527 [M+Na]+, 505 [M+H]+ (Found: [M+Na]+, 
527.1863. C30H32O5S requires [M+Na]
+, 527.1868). 
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Methyl 4-benzyl-2-(2-phenylallyl)-2-tosylpent-4-enoate 275 
 
General procedure F was followed on alkene 261 (380 mg, 1.10 mmol, 1 equiv) using carbonate 235 (250 
mg, 1.21 mmol, 1.1 equiv) in THF (15 mL). The reaction was heated under reflux for 2 h. After workup 
the crude was purified by column chromatography (5→20% EtOAc–petrol) isolating methyl 4-benzyl-2-
(2-phenylallyl)-2-tosylpent-4-enoate 275 (353 mg, 75%) as a colourless oil; Rf 0.37 (20% EtOAc–petrol); 
νmax (film) 3059, 3028, 2951, 1734, 1597, 1495, 1437, 1317, 1219, 1142, 1082, 908, 818, 766, 702, 638 
cm−1; δH (400 MHz, CDCl3) 7.75 (2H, d, J 8.5 Hz, ortho Ts), 7.36-7.10 (12H, m, other Ar-H), [5.33 (1H, s), 
5.21 (1H, s), 4.95 (1H, s), 4.83 (1H, s), 4×C=CHH], [3.41 (1H, d, J 15.0 Hz), 3.35 (1H, d, J 15.0 Hz), CHH], 
3.30 (3H, s, O-CH3), [3.28 (1H, d, J obscured), 3.21 (1H, d, J 15.0 Hz), CHH], [2.87 (1H, d, J 16.0 Hz), 2.76 
(1H, d, J 16.0 Hz), CHH], 2.48 (3H, s, Ts CH3); δC (101 MHz, CDCl3) 168.4 (C=O), 145.0 (4°), 143.2 (4°), 
142.9 (4°), 141.6 (4°), 139.3 (4°), 134.3 (4°), 130.7 (3°), 129.3 (3°), 129.2 (3°), 128.2 (3°), 128.2 (3°), 127.5 
(3°), 126.7 (3°), 126.0 (3°), [119.3, 116.3 2×C=CH2], 76.1 (Ts-C), 52.2 (O-CH3), 44.1 (Ph-CH2), [37.7, 36.3, 
2×Ts-C-CH2], 21.7 (Ts CH3); m/z (ESI) 497 [M+Na]
+, 492, 475 [M+H]+ (Found: [M+H]+, 475.1956. C29H30O4S 
requires [M+H]+, 475.1943). 
Methyl 4-(benzyloxymethyl)-2-(2-phenylallyl)-2-tosylpent-4-enoate 276 
 
General procedure F was followed on alkene 263 (420 mg, 1.08 mmol, 1 equiv) using carbonate 230 (314 
mg, 1.19 mmol, 1.1 equiv) in THF (12 mL). The reaction was heated under reflux for 2 h. After workup 
the crude was purified by column chromatography (10→20% EtOAc–petrol) isolating methyl 4-
(benzyloxymethyl)-2-(2-phenylallyl)-2-tosylpent-4-enoate 276 (548 mg, 100%) as a colourless gum; Rf 
0.27 (20% EtOAc–petrol); νmax (film) 3030, 2951, 2860, 1738, 1597, 1495, 1444, 1304, 1227, 1142, 1082, 
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1028, 958, 910, 818, 770, 739, 700, 663, 588 cm−1; δH (400 MHz, CDCl3) 7.78 (2H, d, J 8.5 Hz, ortho Ts), 
7.37-7.23 (12H, m, other Ar-H), [5.34 (1H, d, J 1.0 Hz), 5.29 (1H, s), 5.25 (1H, s), 5.11 (1H, s), 4×C=CHH], 
[4.45 (1H, d, J 11.5 Hz), 4.41 (1H, d, J 11.5 Hz), Ph-CHH], [3.85 (1H, d, J 13.0 Hz), 3.82 (1H, d, J 13.0 Hz), 
BnO-CHH], 3.34 (2H, s, Ts-C-CH2), 3.28 (3H, s, O-CH3), [2.95 (1H, d, J 16.0 Hz), 2.85 (1H, d, J 16.0 Hz), Ts-C-
CHH], 2.48 (3H, s, Ts CH3); δC (101 MHz, CDCl3) 168.3 (C=O), 145.1 (4°), 142.8 (4°), 141.4 (4°), 140.0 (4°), 
138.5 (4°), 134.3 (°), 130.8 (3°), 129.2 (3°), 128.3 (3°), 128.1 (3°), 127.7 (3°), 127.5 (3°), 127.5 (3°), 126.8 
(3°), [119.4, 117.1, 2×C=CH2], [76.0, 74.0, 71.9, Ts-C and 2×O-CH2], 52.2 (O-CH3), [38.1, 34.1, 2×Ts-C-CH2] 
21.7 (Ts CH3); m/z (ESI) 543, 527 [M+Na]
+, 505 [M+H]+ (Found: [M+H]+, 505.2055. C30H32O5S requires 
[M+H]+, 505.2049). 
3.5. Oxidative Cleavage to Form 1,5-Dicarbonyls 
 
Methyl 5-(benzyloxy)-4-oxo-2-(2-oxopropyl)-2-tosylpentanoate 277 
 
General procedure A was followed on diene 252 (110 mg, 0.249 mmol) dissolved in a mixture of CH2Cl2 
(7.5 mL) and MeOH (1.8 mL). O3/O2 was bubbled through for 10 min and the crude was purified by 
column chromatography (20→50% EtOAc–petrol) giving methyl 5-(benzyloxy)-4-oxo-2-(2-oxopropyl)-2-
tosylpentanoate 277 (98 mg, 88%) as a yellow oil; Rf 0.54 (50% EtOAc–petrol); νmax (film) 3064, 3032, 
2952, 2926, 2869, 1735, 1596, 1495, 1453, 1435, 1401, 1362, 1342, 1319, 1305, 1290, 1272, 1239, 1144, 
1083, 1029, 913, 818, 737, 703, 672 cm−1; δH (300 MHz, CDCl3) 7.66 (2H, d, J 8.0 Hz, ortho Ts), 7.38 (5H, s, 
Ph), 7.33 (2H, d, J 8.0 Hz, meta Ts), 4.62 (2H, s, Ph-CH2), 4.23 (2H, s, O-CH2-C=O), [3.72 (1H, d, J 12.0 Hz), 
3.66 (1H, d, J 12.0 Hz), Ts-C-CHH], 3.67 (3H, s, O-CH3), [3.24 (1H, d, J 17.0 Hz), 3.07 (1H, d, J 17.0 Hz), Ts-
C-CHH], 2.47 (3H, s, Ts CH3), 2.28 (3H, s, O=C-CH3); δC (75 MHz, CDCl3) 204.9 (2×ketone C=O), 167.4 
(ester C=O), 146.2 (4°), 137.3 (4°), 131.4 (4°), 130.4 (3°), 129.7 (3°), 128.5 (3°), 128.0 (3°), 128.0 (para 
Ph), [75.3, 73.4, 73.0, Ts-C and 2×O-CH2], 53.5 (O-CH3), [41.5, 35.9, 30.9, 2×Ts-C-CH2 and O=C-CH3], 21.8 
(Ts CH3); m/z (CI) 447 [M+H]
+, 291, 273, 91 (Found: [M+H]+, 447.1491. C23H27O7S requires [M+H]
+, 
447.1478). 
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Methyl 4-oxo-2-(2-oxoethyl)-4-phenyl-2-tosylbutanoate 27897 
CO2MeTs
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General procedure A was followed on diene 265 (150 mg, 0.390 mmol) dissolved in a mixture of CH2Cl2 
(10.9 mL) and MeOH (2.7 mL). O3/O2 was bubbled through for 8 min and the crude was purified by 
column chromatography (10→50% EtOAc–petrol). Some decomposition was observed during 
chromatography; however methyl 4-oxo-2-(2-oxoethyl)-4-phenyl-2-tosylbutanoate 278 (107 mg, 71%) 
was isolated as pale yellow crystals (decomposed on heating to ~80 °C; lit.97 orange oil); Rf 0.49 (50% 
EtOAc–petrol); νmax (film) 3062, 2952, 2926, 1736, 1687, 1596, 1581, 1449, 1437, 1404, 1351, 1319, 
1303, 1292, 1268, 1221, 1185, 1145, 1083, 1052, 1017, 1001, 817, 759, 736, 705, 691, 669, 608 cm−1; δH 
(300 MHz, CDCl3) 9.86 (1H, s, O=C-H), 7.93 (2H, d, J 7.5 Hz, ortho Ts), 7.73 (2H, d, J 7.5 Hz, meta Ts), 7.72-
7.25 (5H, m, Ph C-H), [4.11 (1H, d J 18.0 Hz), 3.98 (1H, d, J 18.0 Hz) Ph-C(=O)-CH2], 3.72 (3H, s, O-CH3), 
3.26 (2H, m, O=CH-CH2), 2.49 (3H, s, Ts CH3); δC (75 MHz, CDCl3) [197.8, 195.4, aldehyde and ketone 
C=O], 167.0 (ester C=O), 146.5 (4°), 135.8 (4°), 134.0 (4°), 131.3 (3°), 130.4 (3°), 129.9 (3°), 128.8 (3°), 
128.2 (3°), 72.4 (Ts-C), 53.5 (O-CH3), [43.1, 39.3, 2×Ts-C-CH2], 21.8 (Ts CH3); m/z (CI) 406 [M+NH4]
+, 296, 
250, 233, 214, 174, 156, 139; in agreement with previously reported spectroscopic data.  
Methyl 4-oxo-2-(2-oxo-3-phenoxypropyl)-5-phenoxy-2-tosylpentanoate 279 
 
General procedure A was followed on diene 256 (160 mg, 0.316 mmol) dissolved in a mixture of CH2Cl2 
(10 mL) and MeOH (2.5 mL). O3/O2 was bubbled through for 3 min (the reaction mixture was not 
allowed to turn blue on this occasion to reduce the risk of over oxidation) and the crude was purified by 
column chromatography (10→20% EtOAc–petrol) giving methyl 4-oxo-2-(2-oxo-3-phenoxypropyl)-5-
phenoxy-2-tosylpentanoate 279 (159 mg, 99%) as a yellow foam; Rf 0.72 (50% EtOAc–petrol); νmax (film) 
3064, 3043, 2952, 2925, 1738, 1599, 1495, 1456, 1435, 1402, 1371, 1319, 1306, 1292, 1242, 1174, 1144, 
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1111, 1082, 1061, 1036, 912, 818, 754, 733, 708, 692, 671 cm−1; δH (300 MHz, CDCl3) 7.68 (2H, d, J 8.0 
Hz, ortho Ts), 7.47-7.12 (6H, m, meta Ts and meta Ph), 7.01 (2H, t, J 7.5 Hz, para Ph), 6.92 (4H, d, J 8.0 
Hz, ortho Ph), 4.78 (4H, s, O-CH2), [3.87 (2H, d, J 17.5 Hz), 3.25 (2H, d, J 17.0 Hz), Ts-C-CHH], 3.69 (3H, s, 
O-CH3), 2.50 (3H, s, Ts CH3); δC (75 MHz, CDCl3) 203.5 (ketone C=O), 167.2 (ester C=O), 157.6 (ipso Ph), 
146.5 (Ts 4°), 130.9 (Ts 4°), 130.4 (Ts 3°), 129.9 (Ts 3°), 129.8 (meta Ph), 121.7 (para Ph), 114.6 (ortho 
Ph), [72.8, 72.6, Ts-C and O-CH2], 53.7 (O-CH3), 36.7 (Ts-C-CH2), 21.9 (Ts CH3); m/z (ESI) 547 [M+Na]
+, 
353, 342, 279 (Found: [M+Na]+, 547.1384. C28H28O8S requires [M+Na]
+, 547.1403). 
Methyl 4-oxo-2-(2-oxo-2-phenylethyl)-2-tosylpentanoate 28097 
 
General procedure A was followed on diene 253 (290 mg, 0.728 mmol) dissolved in a mixture of CH2Cl2 
(20 mL) and MeOH (5 mL). O3/O2 was bubbled through for 12 min and the crude was purified by column 
chromatography (10→50% EtOAc–petrol) giving methyl 4-oxo-2-(2-oxo-2-phenylethyl)-2-
tosylpentanoate 280 (237 mg, 81%) as a colourless crystalline solid (mp 117–118 °C, EtOAc–petrol; lit.97 
118-119 °C, EtOAc); Rf 0.55 (50% EtOAc–petrol); δH (300 MHz, CDCl3) 7.95 (2H, d, J 7.0 Hz, ortho Ph), 7.69 
(2H, d, J 8.0 Hz, ortho Ts), 7.58 (1H, t, J 7.0 Hz, para Ph), 7.46 (2H, t, J 7.0 Hz, meta Ph), 7.37 (2H, d, J 8.0 
Hz, meta Ts), [4.46 (1H, d, J 17.0 Hz), 3.32 (1H, d, J 17.0 Hz), PhC(=O)-CH2], [3.77 (1H, d, J 17.0 Hz), 3.64 
(1H, d, J 17.0 Hz) CH3C(=O)-CH2], 3.69 (3H, s, O-CH3), 2.46 (3H, s, Ts CH3), 2.28 (3H, s, CH3-C=O); δC (75 
MHz, CDCl3) 205.0 (O=C-CH3), 196.5 (O=C-Ph), 167.7 (ester C=O), 146.1 (Ts 4°), 136.7 (4°), 133.4 (para 
Ph), 131.9 (4°), 130.4 (3°), 129.7 (3°), 128.6 (3°), 128.3 (3°), 73.6 (Ts-C), 53.4 (O-CH3), [40.8, 37.1, 2×Ts-C-
CH2], 31.5 (CH3-C=O), 21.7 (Ts CH3); in agreement with previously reported spectroscopic data.  
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Methyl 4-oxo-2-(2-oxopropyl)-5-phenoxy-2-tosylpentanoate 281 
CO2MeTs
O O
OPh
CO2MeTs
OPh
267 281  
General procedure A was followed on diene 267 (490 mg, 1.14 mmol) dissolved in a mixture of CH2Cl2 
(31 mL) and MeOH (7.8 mL). O3/O2 was bubbled through for 5 min (the reaction mixture turned blue 
after 4 min and the reaction was stopped earlier than usual to prevent over oxidation) and the crude 
was purified by column chromatography (10% EtOAc–petrol) giving methyl 4-oxo-2-(2-oxopropyl)-5-
phenoxy-2-tosylpentanoate 281 (462 mg, 93%) as a colourless crystalline solid (mp 125–126 °C, EtOAc–
petrol); Rf 0.45 (50% EtOAc–petrol); νmax (film) 3063, 3045, 2953, 2926, 1737, 1598, 1495, 1434, 1386, 
1362, 1318, 1305, 1293, 1270, 1241, 1216, 1172, 1145, 1082, 1059, 1016, 817, 758, 736, 706, 692, 672 
cm−1; δH (300 MHz, CDCl3) 7.69 (2H, d, J 8.0 Hz, ortho Ts), 7.43-7.25 (4H, m, meta Ts and meta Ph), 7.01 
(1H, t, J 7.0 Hz, para Ph), 6.94 (2H, d, J 8.0 Hz, ortho Ph), 4.76 (2H, s, PhO-CH2), [3.82 (1H, d, J 17.0 Hz), 
3.71 (1H, d 17.0 Hz), PhOCH2C(=O)-CH2], 3.69 (3H, s, O-CH3), [3.24 (1H, d, J 18.0 Hz), 3.19 (1H, d, J 18.0 
Hz), CH3C(=O)-CHH)], 2.49 (3H, s, Ts CH3), 2.28 (3H, s, CH3-C=O); δC (75 MHz, CDCl3) 204.9 (ketone C=O), 
203.3 (ketone C=O), 167.3 (ester C=O), 157.7 (ipso Ph), 146.3 (Ts 4°), 131.4 (Ts 4°), 130.4 (3°), 129.8 (3°), 
129.6 (3°), 121.7 (para Ph), 114.6 (ortho Ph), 73.1 (Ts-C), 72.9 (PhO-CH2), 53.5 (O-CH3), [41.5, 36.1, 30.9, 
O=C-CH3 and 2×Ts-C-CH2], 21.8 (Ts CH3); m/z (CI) 450 [M+NH4]
+, 433 [M+H]+, 294, 174, 139 (Found: 
[M+NH4]
+, 450.1568. C22H24O7S requires [M+NH4]
+, 450.1586) (Found: C, 61.15; H, 5.55. C22H24O7S 
requires C, 61.10; H, 5.59%). 
Methyl 4-oxo-2-(2-oxo-2-phenylethyl)-2-tosyldodecanoate 282 
 
General procedure A was followed on diene 268 (290 mg, 0.584 mmol) dissolved in a mixture of CH2Cl2 
(16 mL) and MeOH (4 mL). O3/O2 was bubbled through for 8 min and the crude was purified by column 
chromatography (5→10% EtOAc–petrol) giving methyl 4-oxo-2-(2-oxo-2-phenylethyl)-2-
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tosyldodecanoate 282 (268 mg, 92%) as a colourless oil; Rf 0.41 (20% EtOAc–petrol); νmax (film) 3062, 
2927, 2856, 1739, 1714, 1687, 1597, 1448, 1402, 1356, 1321, 1271, 1215, 1144, 1082, 1003, 887, 818, 
752, 667 cm−1; δH (300 MHz, CDCl3) 7.95 (2H, d, J 7.5 Hz, ortho Ph), 7.69 (2H, d, J 8.0 Hz, ortho Ts), 7.55 
(1H, d J 7.0 Hz, para Ph), 7.50-7.42 (2H, m, meta Ph), 7.36 (2H, d, J 8.0 Hz, meta Ts), [4.48 (1H, d, J 17.5 
Hz), 3.30 (1H, d, J 17.5 Hz), PhC(=O)-CH2], [3.75 (1H, d, J 17.0 Hz), 3.65 (1H, d, J 17.0 Hz) octyl-C(=O)-CH2], 
3.69 (3H, s, O-CH3), 2.72-2.43 (2H, m, CH3(CH2)6-CH2), 2.45 (3H, s, Ts CH3), 1.55-1.42 (2H, m, CH3(CH2)5-
CH2), 1.30-1.20 (10H, m, other octyl CH2), 0.87 (3H, t, J 6.5 Hz, CH2-CH3); δC (75 MHz, CDCl3) 207.3 (CH2-
CH2-C=O), 196.4 (Ph-C=O), 167.7 (ester C=O), 146.0 (4°), 136.8 (4°), 133.4 (3°), 132.1 (4°), 130.4 (3°), 
129.7 (3°), 128.6 (3°), 128.3 (3°), 73.7 (Ts-C), 53.3 (O-CH3), [44.1, 40.1, 37.3, 3×CH2-C=O], [31.8, 29.3, 
29.1, 29.0, 23.3, 22.6, 6×octyl CH2), 21.7 (Ts CH3), 14.1 (CH2-CH3); Unstable to MS. 
Methyl 4-oxo-2-(2-oxodecyl)-2-tosyldodecanoate 283 
 
General procedure A was followed on diene 257 (625 mg, 1.17 mmol) dissolved in a mixture of CH2Cl2 
(32 mL) and MeOH (8 mL). O3/O2 was bubbled through for 9 min and the crude was purified by column 
chromatography (5% EtOAc–petrol) giving methyl 4-oxo-2-(2-oxodecyl)-2-tosyldodecanoate 283 (593 
mg, 94%) as a pale yellow oil; Rf 0.52 (20% EtOAc–petrol); νmax (film) 2927, 2856, 1739, 1720, 1597, 
1459, 1445, 1404, 1375, 1321, 1236, 1216, 1146, 1084, 960, 887, 816, 710, 669 cm−1; δH (300 MHz, 
CDCl3) 7.61 (2H, d, J 8.0 Hz, ortho Ts), 7.32 (2H, d, J 8.0 Hz, meta Ts), 3.60 (3H, s, O-CH3), [3.58 (2H, d, J 
17.0 Hz), 3.10 (2H, d, J 17.0 Hz), Ts-C-CH2], 2.63-2.36 (4H, m, CH3(CH2)6-CH2), 2.41 (3H, s, Ts CH3), 1.57-
1.42 (4H, m, CH3(CH2)5CH2), 1.36-1.11 (10H, m, other CH2), 0.82 (6H, t, J 6.5 Hz, CH2-CH3); δC (75 MHz, 
CDCl3) 207.2 (ketone C=O), 167.5 (ester C=O), 145.9 (4°), 131.9 (4°), 130.3 (3°), 129.6 (3°), 73.2 (Ts-C), 
53.2 (O-CH3), [43.7, 40.3, 31.8, 29.3, 29.1, 29.0, 23.2, 22.6, CH2), 21.7 (Ts CH3), 14.0 (CH2-CH3); Unstable 
to MS; (Found: C, 67.19; H, 8.96. C30H48O6S requires C, 67.13; H, 9.01%). 
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Methyl 6,6-dimethyl-4-oxo-2-(2-oxopropyl)-2-tosylheptanaote 284 
 
General procedure A was followed on diene 269 (370 mg, 0.943 mmol) dissolved in a mixture of CH2Cl2 
(24 mL) and MeOH (6 mL). O3/O2 was bubbled through for 10 min and the crude was purified by column 
chromatography (5→20% EtOAc–petrol) giving methyl 6,6-dimethyl-4-oxo-2-(2-oxopropyl)-2-
tosylheptanaote 284 (323 mg, 86%) as a colourless oil; Rf 0.30 (20% EtOAc–petrol); νmax (film) 2954, 
2910, 2870, 1724, 1597, 1439, 1365, 1304, 1221, 1146, 1084, 1034, 1009, 814, 685, 636 cm−1; δH (400 
MHz, CDCl3) 7.62 (2H, d, J 8.0 Hz, ortho Ts), 7.34 (2H, d, J 8.0 Hz, meta Ts), 3.60 (3H, s, O-CH3), [3.67-3.53 
(2H, m), 3.19-3.10 (2H, m), 2×Ts-C-CH2], 2.43 (3H, s, Ts CH3), 2.42 (2H, s, 
tBu-CH2), 2.21 (3H, s, O=C-CH3), 
0.95 (9H, s, tBu); δC (101 MHz, CDCl3) 206.6 (ketone C=O), 204.9 (ketone C=O), 167.5 (ester C=O), 146.0 
(4°), 131.7 (4°), 130.2 (3°), 129.7 (3°), 73.2 (Ts-C), [55.8, 53.3, 42.0, 40.8, 31.3, 30.8, O-CH3 and 2×Ts-C-
CH2 and O=C-CH3 and 
tBu C and tBu-CH2], 29.5 (
tBu CH3), 21.7 (Ts-CH3); m/z (CI) 414 [M+NH4]
+, 397 
[M+H]+, 364, 296, 288, 255, 223, 174, 139 (Found: [M+NH4]
+, 414.1938. C20H28O6S requires [M+NH4]
+, 
414.1950). 
Methyl 4-oxo-2-(2-oxopropyl)-2-tosyldodecanoate 285 
 
This reaction was carried out in two parts: 
General procedure A was followed on pure diene 270 (368 mg, 0.846 mmol, 1 equiv) dissolved in a 
mixture of CH2Cl2 (24 mL) and MeOH (6 mL). O3/O2 was bubbled through for 9 min and the crude was 
purified by column chromatography (5→20% EtOAc–petrol) giving methyl 4-oxo-2-(2-oxopropyl)-2-
tosyldodecanoate 285 (296 mg, 68%) as a colourless oil. 
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Secondly: 
General procedure A was followed on mixture 3 (of diene 270 and dba, 862 mg, 1.99 mmol, based on 
the mixture being pure 270) dissolved in a mixture of CH2Cl2 (48 mL) and MeOH (12 mL). O3/O2 was 
bubbled through for 14 min. The crude material contained benzaldehyde from ozonolysis of dba. The 
crude was purified by column chromatography (5→20% EtOAc–petrol) giving methyl 4-oxo-2-(2-
oxopropyl)-2-tosyldodecanoate 285 (632 mg) as a colourless oil. (For a total of 928 mg, 40% over 2 
steps); Rf 0.29 (20% EtOAc–petrol); νmax (film) 2927, 2856, 1720, 1597, 1439, 1327, 1304, 1230, 1146, 
1036, 1009, 814, 773, 684, 656, 584 cm−1; δH (400 MHz, CDCl3) 7.58 (2H, d, J 8.5 Hz, ortho Ts), 7.30 (2H, 
d, J 8.5 Hz, meta Ts), 3.56 (3H, s, O-CH3), [3.58 (1H, d, J 17.0 Hz), 3.55 (1H, d, J 17.0 Hz), 3.11 (1H, d, J 
17.0 Hz), 3.09 (1H, d, J 17.0 Hz), 2× Ts-C-CHH], [2.54 (1H, dt, J 17.0, 8.0 Hz), 2.41 (1H, dt, J 17.0, 7.0 Hz), 
O=C-CHH-CH2], 2.38 (3H, s, Ts CH3), 2.16 (3H, s, O=C-CH3), 1.53-1.38 (2H, m, O=C-CH2-CH2), 1.26-1.10 
(10H, m, 5×CH2), 0.79 (3H, t, J 7.0 Hz, CH2-CH3); δC (101 MHz, CDCl3) 207.4 (C=O ketone), 205.0 (C=O 
ketone), 167.5 (C=O ester), 146.1 (4°), 131.7 (4°), 130.3 (3°), 129.7 (3°), 73.2 (Ts-C), 53.4 (O-CH3), [43.9, 
41.0, 40.0, 3× O=C-CH2], [31.8, 31.2, 29.4, 29.1, 29.0, 23.3, 22.6, 6×octyl CH2 and O=C-CH3], 21.8 (Ts CH3), 
14.1 (CH2-CH3); Unstable to MS. 
Methyl 4-oxo-2-(2-oxopropyl)-5-phenyl-2-tosylpentanoate 286 
CO2MeTs
O O
Ph
CO2MeTs
Ph
271 286  
General procedure A was followed on diene 271 (630 mg, 1.53 mmol) dissolved in a mixture of CH2Cl2 
(42 mL) and MeOH (10.5 mL). O3/O2 was bubbled through for 10 min and the crude was purified by 
column chromatography (twice 10→40% EtOAc–petrol then 5→40% EtOAc–petrol) giving methyl 4-oxo-
2-(2-oxopropyl)-5-phenyl-2-tosylpentanoate 286 (484 mg, 76%) as a pale yellow oil; Rf 0.56 (50% EtOAc–
petrol); νmax (film) 3060, 3028, 2952, 1720, 1597, 1493, 1439, 1323, 1227, 1188, 1147, 1036, 1009, 885, 
816, 771, 685, 563 cm−1; δH (400 MHz, CDCl3) 7.64 (2H, d, J 8.5 Hz, ortho Ts), 7.42-7.17 (7H, m, meta Ts 
and Ph), 7.20 (2H, d, J 7.0 Hz, ortho Ph), [3.97 (1H, d, J 17.0 Hz), 3.82 (1H, d, J 17.0 Hz), Ph-CH2], [3.74-
3.64 (2H, m), 3.27-3.13 (2H, m), Ts-C-CH2], 3.66 (3H, s, O-CH3), 2.49 (3H, s, Ts CH3), 2.24 (3H, s, O=C-CH3); 
δC (101 MHz, CDCl3) 205.0 (ketone C=O), 204.7 (ketone C=O), 167.4 (ester C=O), 146.1 (4°), 133.5 (4°), 
193 
 
131.6 (4°), 130.3 (3°), 129.8 (3°), 129.7 (3°), 128.6 (3°), 127.1 (para Ph), 73.3 (Ts-C), [53.4, 50.9, 41.2, 
39.5, 31.1, O-CH3 and 3×CH2-C=O and CH3-C=O], 21.8 (Ts CH3); m/z (CI) 434 [M+NH4]
+, 417 [M+H]+, 358, 
302, 278, 174, 168 (Found: [M+NH4]
+, 434.1642. C22H24O6S requires [M+NH4]
+, 434.1637). 
Methyl 4-oxo-2-(2-oxo-3-phenylpropyl)-5-phenyl-2-tosylpentanoate 287 
 
General procedure A was followed on diene 258 (460 mg, 0.941 mmol) dissolved in a mixture of CH2Cl2 
(28 mL) and MeOH (7 mL). O3/O2 was bubbled through for 9 min and the crude was purified by column 
chromatography (10→30% EtOAc–petrol) giving methyl 4-oxo-2-(2-oxo-3-phenylpropyl)-5-phenyl-2-
tosylpentanoate 287 (445 mg, 96%) as a colourless solid (mp 100–102 °C, MeOH); Rf 0.48 (50% EtOAc–
petrol); νmax (film) 3062, 3030, 2952, 2900, 1739, 1720, 1597, 1496, 1452, 1435, 1410, 1354, 1317, 1272, 
1226, 1144, 1080, 916, 816, 706, 669, 617 cm−1; δH (400 MHz, CDCl3) 7.59 (2H, d, J 8.5 Hz, ortho Ts), 7.40-
7.23 (8H, m, meta Ts and meta and para Ph), 7.18 (2H, d, J 7.0 Hz, ortho Ph), [3.95 (2H, d, J 17.0 Hz), 3.82 
(2H, d, J 17.0 Hz), Ph-CH2], [3.71 (2H, d, J 17.0 Hz), 3.21 (2H, d, J 17.0 Hz), Ts-C-CH2], 3.64 (3H, s, O-CH3), 
2.49 (3H, s, Ts CH3); δC (101 MHz, CDCl3) 204.7 (ketone C=O), 167.4 (ester C=O), 146.1 (4°), 133.5 (4°), 
131.5 (4°), 130.3 (Ts 3°), 129.8 (Ph 3°), 129.7 (Ts 3°), 128.6 (Ph 3°), 127.1 (para Ph), 76.7 (Ts-C), [53.4, 
50.7, 40.0, O-CH3 and 2×O=C-CH2] 21.8 (Ts CH3); m/z (ESI) 515 [M+Na]
+, 493 [M+H]+ (Found: [M+H]+, 
493.1692. C28H28O6S requires [M+H]
+, 493.1685). 
Methyl 5-(benzyloxy)-2-(3-(benzyloxy)-2-oxopropyl)-4-oxo-2-tosylpentanoate 288 
 
General procedure A was followed on diene 255 (500 mg, 0.911 mmol) dissolved in a mixture of CH2Cl2 
(28 mL) and MeOH (7 mL). O3/O2 was bubbled through for 10 min and the crude was purified by column 
chromatography (20→50% EtOAc–petrol) giving methyl 5-(benzyloxy)-2-(3-(benzyloxy)-2-oxopropyl)-4-
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oxo-2-tosylpentanoate 288 (493 mg, 98%) as a colourless oil; Rf 0.43 (50% EtOAc–petrol); νmax (film) 
3032, 2951, 2868, 1732, 1597, 1496, 1454, 1398, 1319, 1269, 1211, 1144, 1082, 912, 818, 737, 700, 671, 
596 cm−1; δH (400 MHz, CDCl3) 7.67 (2H, d, J 8.5 Hz, ortho Ts), 7.42-7.33 (10H, m, Ph), 7.30 (2H, d, J 8.5 
Hz, meta Ts), [4.66 (2H, d, J 12.0 Hz), 4.62 (2H, d, J 12.0 Hz), O=C-CH2-OBn], [4.30 (2H, d, J 17.5 Hz), 4.24 
(2H, d, J 17.5 Hz), Ph-CH2-O], [3.75 (2H, d, J 17.0 Hz), 3.14 (2H, d, J 17.0 Hz), Ts-C-CH2], 3.69 (3H, s, O-
CH3), 2.47 (3H, s, Ts CH3); δC (101 MHz, CDCl3) 204.9 (ketone C=O), 167.3 (ester C=O), 146.2 (4°), 137.3 
(4°), 131.2 (4°), 130.4 (Ts 3°), 129.7 (Ts 3°), 128.5 (Ph 3°), 128.3 (Ph 3°), 128.0 (Ph 3°), [75.1, 73.4, 2×O-
CH2], 72.8 (Ts-C), 53.5 (O-CH3), 36.7 (Ts-C-CH2), 21.8 (Ts CH3); m/z (ESI) 575 [M+Na]
+ (Found: [M+Na]+, 
575.1733. C30H32O8S requires [M+Na]
+, 575.1716). 
Methyl 4-oxo-2-(2-oxo-3-phenylpropyl)-2-tosyldodecanoate 289 
 
General procedure A was followed on diene 272 (511 mg, 1.00 mmol) dissolved in a mixture of CH2Cl2 
(28 mL) and MeOH (7 mL). O3/O2 was bubbled through for 11 min and the crude was purified by column 
chromatography (10→30% EtOAc–petrol) giving methyl 4-oxo-2-(2-oxo-3-phenylpropyl)-2-
tosyldodecanoate 289 (442 mg, 86%) as a pale yellow oil; Rf 0.67 (50% EtOAc–petrol); νmax (film) 2925, 
2854, 1736, 1720, 1597, 1496, 1435, 1404, 1319, 1219, 1144, 1082, 816, 704, 669 cm−1; δH (400 MHz, 
CDCl3) 7.63 (2H, d, J 8.5 Hz, ortho Ts), 7.40-7.22 (5H, m, meta Ts and meta and para Ph), 7.19 (2H, d, J 7.0 
Hz, ortho Ph), [3.97 (1H, d, J 16.5 Hz), 3.83 (1H, d, J 16.5 Hz), Ph-CH2], [3.70 (1H, d, J 17.0 Hz), 3.66 (1H, d, 
J 17.0 Hz), 3.20 (1H, d, J 17.0 Hz), 3.17 (1H, d, J 17.0 Hz), 2×Ts-C-CHH], 3.66 (3H, s, O-CH3), [2.60 (1H, dt, J 
18.0, 7.5 Hz), 2.47 (1H, dt, J 18.0, 7.5 Hz), O=C-CH2-CH2], 2.49 (3H, s, Ts CH3), 1.52 (2H, t, J 7.5 Hz, O=C-
CH2-CH2), 1.35-1.18 (10H, m, CH3-(CH2)5), 0.89 (3H, t, J 7.0 Hz, CH3-CH2); δC (101 MHz, CDCl3) 207.3 
(ketone C=O), 204.6 (ketone C=O), 167.5 (ester C=O), 146.0 (4°), 133.6 (4°), 131.7 (4°), 130.3 (3°), 129.8 
(3°), 129.7 (3°), 128.6 (3°), 127.1 (3°), 73.3 (Ts-C), [53.4, 50.8, 43.7, 40.5, 39.7, 31.8, 29.4, 29.1, 29.0, 
23.3, 22.7, Ph-CH2 and O-CH3 and 7×octyl CH2 and 2×Ts-C-CH2], 21.8 (Ts CH3), 14.1 (CH2-CH3); m/z (ESI) 
537 [M+Na]+, 515 [M+H]+ (Found: [M+H]+, 515.2463. C29H38O6S requires [M+H]
+, 515.2467). 
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Methyl 2-(3-(benzyloxy)-2-oxopropyl)-4-oxo-2-tosyldodecanoate 290 
 
General procedure A was followed on diene 273 (630 mg, 1.17 mmol) dissolved in a mixture of CH2Cl2 
(36 mL) and MeOH (9 mL). O3/O2 was bubbled through for 9 min and the crude was purified by column 
chromatography (5→30% EtOAc–petrol) giving methyl 2-(3-(benzyloxy)-2-oxopropyl)-4-oxo-2-
tosyldodecanoate 290 (517 mg, 82%) as a colourless oil; Rf 0.17 (20% EtOAc–petrol); νmax (film) 2925, 
2856, 1724, 1597, 1441, 1303, 1215, 1192, 1147, 1036, 1011, 816, 698 cm−1; δH (400 MHz, CDCl3) 7.67 
(2H, d, J 8.5 Hz, ortho Ts), 7.42-7.31 (5H, m, Ph), 7.34 (2H, d, J 8.5 Hz, meta Ts), [4.65 (1H, d, J 11.5 Hz), 
4.62 (1H, d, J 11.5 Hz), BnO-CHH], [4.27 (1H, d, J 17.5 Hz), 4.23 (1H, d, J 17.5 Hz), O-CHH-Ph], [3.70 (1H, d, 
J 16.5 Hz), 3.69 (1H, d, J 16.5 Hz), 1×Ts-C-CHH], 3.68 (3H, s, O-CH3), [3.22 (1H, d, J 17.0 Hz), 3.07 (1H, d, J 
17.0 Hz), 1×Ts-C-CHH], [2.66 (1H, dt, J 17.5, 8.0 Hz), 2.51 (1H, dt, J 17.5, 8.0 Hz), O=C-CHH-CH2], 2.48 (3H, 
s, Ts CH3), 1.60-1.50 (2H, m, O=C-CH2-CH2), 1.36-1.21 (10H, m, 5×CH2), 0.90 (3H, t, J 7.0 Hz, CH2-CH3); δC 
(101 MHz, CDCl3) 207.3 (C=O ketone), 204.8 (C=O ketone), 167.5 (C=O ester), 146.1 (4°), 137.3 (4°), 
131.5 (4°), 130.4 (3°), 129.7 (3°), 128.5 (3°), 128.0 (3°), 128.0 (para Ph), [75.3, 73.3, 2×O-CH2], 73.0 (Ts-C), 
53.4 (O-CH3), [43.5, 40.8, 36.1, 31.8, 29.4, 29.1, 29.0, 23.3, 22.7, 2×Ts-C-CH2 and 7×octyl CH2], 21.8 (Ts 
CH3), 14.1 (CH2-CH3); Unstable to MS. 
Methyl 4-oxo-2-(2-oxo-3-phenoxypropyl)-5-phenyl-2-tosylpentanoate 291 
 
General procedure A was followed on diene 274 (160 mg, 0.317 mmol) dissolved in a mixture of CH2Cl2 
(10 mL) and MeOH (2.5 mL). O3/O2 was bubbled through for 4 min and the crude was purified by column 
chromatography (10→40% EtOAc–petrol) giving methyl 4-oxo-2-(2-oxo-3-phenoxypropyl)-5-phenyl-2-
tosylpentanoate 291 (150 mg, 93%) as a colourless solid (mp 48 °C, MeOH); Rf 0.64 (50% EtOAc–petrol); 
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νmax (film) 3064, 3032, 2952, 2929, 1736, 1599, 1496, 1435, 1319, 1244, 1144, 1082, 818, 754, 704, 671, 
509 cm−1; δH (400 MHz, CDCl3) 7.64 (2H, d, J 8.5 Hz, ortho Ts), 7.36 (2H, d, J 8.5 Hz, meta Ts), 7.36-7.27 
(5H, m, Ph), 7.21-7.17 (2H, m, meta OPh), 7.01 (1H, t, J 7.5 Hz, para OPh), 6.92 (2H, d, J 8.0 Hz, ortho 
OPh), [4.75 (1H, d, J 17.0 Hz), 4.74 (1H, d, J 17.0 Hz), PhO-CHH], 4.01-3.71 (4H, m, 2×CH2), 3.66 (3H, s, O-
CH3), 3.28-3.16 (2H, m, CH2), 2.49 (3H, s, Ts CH3); δC (126 MHz, CDCl3) 204.7 (C=O ketone), 203.3 (C=O 
ketone), 167.2 (C=O ester), 157.6 (4°), 146.2 (4°), 133.3 (4°), 131.2 (4°), 130.4 (3°), 129.8 (3°), 129.7 (3°), 
129.6 (3°), 128.6 (3°), 127.1 (para Ph), 121.7 (para OPh), 114.6 (ortho OPh), 73.1 (Ts-C), 72.7 (O-CH2), 
53.5 (O-CH3), 50.5 (Ph-CH2), [40.2, 36.4, 2×Ts-C-CH2], 21.8 (Ts CH3); m/z (ESI) 1039 [2M+Na]
+, 572, 531 
[M+Na]+, 509 [M+H]+ (Found: [M+H]+, 509.1635. C28H28O7S requires [M+H]
+, 509.1634) (Found: C, 66.18; 
H, 5.58. C28H28O7S requires C, 66.12; H, 5.55%). 
Methyl 4-oxo-2-(2-oxo-2-phenylethyl)-5-phenyl-2-tosylpentanoate 292 
 
General procedure A was followed on diene 275 (340 mg, 0.716 mmol) dissolved in a mixture of CH2Cl2 
(20 mL) and MeOH (5 mL). O3/O2 was bubbled through for 9 min and the crude was purified by column 
chromatography (10→30% EtOAc–petrol) giving methyl 4-oxo-2-(2-oxo-2-phenylethyl)-5-phenyl-2-
tosylpentanoate 292 (299 mg, 87%) as a colourless solid (mp 126 °C with decomposition, MeOH); Rf 0.24 
(20% EtOAc–petrol); νmax (film) 3060, 3030, 2951, 178, 1687, 1597, 1495, 1448, 1402, 1354, 1319, 1273, 
1217, 1144, 1080, 1003, 818, 752, 704, 669 cm−1; δH (400 MHz, CDCl3) 7.94 (2H, d, J 7.5 Hz, ortho O=C-
Ph), 7.65 (2H, d, J 8.5 Hz, ortho Ts), 7.58 (1H, t, J 7.5 Hz, para O=C-Ph), 7.50-7.44 (2H, m, meta O=C-Ph), 
7.39-7.18 (7H, m, other Ar-H), [{4.47 (1H, d, J 17.0 Hz), 3.35 (1H, d, 17.0 Hz)}, {4.00 (1H, d, J 16.5 Hz), 
3.86 (1H, d, J 16.5 Hz)}, {3.81 (1H, d, J 17.0 Hz), 3.67 (1H, d, J 17.0 Hz)}, 3×CH2], 3.69 (3H, s, O-CH3), 2.48 
(3H, s, Ts CH3); δC (101 MHz, CDCl3) 204.6 (O=C-CH2-Ph), 196.4 (O=C-Ph), 167.6 (C=O ester), 146.0 (4°), 
136.5 (4°), 133.5 (4°), 133.5 (3°), 131.7 (4°), 130.3 (3°), 129.8 (3°), 129.7 (3°), 128.6 (2×3°), 128.3 (3°), 
127.0 (3°), 73.7 (O-CH2), [53.4, 51.1, 39.4, 37.4, O-CH3 and 3×O=C-CH2], 21.8 (Ts CH3); m/z (ESI) 979 
[2M+Na]+, 542, 501 [M+Na]+, 479 [M+H]+, 323 (Found: [M+H]+, 479.1537. C27H26O6S requires [M+H]
+, 
479.1528). 
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Methyl 5-(benzyloxy)-4-oxo-2-(2-oxo-2-phenylethyl)-2-tosylpentanoate 293 
CO2MeTs
Ph
O O
OBn
CO2MeTs
Ph
OBn
276 293  
General procedure A was followed on diene 276 (460 mg, 0.912 mmol) dissolved in a mixture of CH2Cl2 
(36 mL) and MeOH (9 mL). O3/O2 was bubbled through for 9 min and the crude was purified by column 
chromatography (10→30% EtOAc–petrol) giving methyl 5-(benzyloxy)-4-oxo-2-(2-oxo-2-phenylethyl)-2-
tosylpentanoate 293 (382 mg, 82%) as a colourless solid (mp 101–103 °C, MeOH); Rf 0.61 (50% EtOAc–
petrol); νmax (film) 3062, 3031, 2951, 2900, 1738, 1687, 1597, 1495, 1450, 1402, 1354, 1319, 1273, 1213, 
1144, 1082, 1001, 887, 818, 738, 700, 669, 598, 521 cm−1; δH (400 MHz, CDCl3) 7.97 (2H, d, J 8.5 Hz, 
ortho O=C-Ph), 7.71 (2H, d, J 8.5 Hz, ortho Ts), 7.60 (1H, t, J 7.5 Hz, para O=C-Ph), 7.53-7.30 (9H, m, meta 
O=C-Ph, meta Ts and OBn), [4.65 (1H, d, J 11.5 Hz), 4.61 (1H, d, J 11.5 Hz), Ph-CHH], [4.49 (1H, d, J 17.0 
Hz), 3.81 (1H, d, J 17.0 Hz), Ts-C-CHH], [4.27 (1H, d, J 17.5 Hz), 4.24 (1H, d, J 17.5 Hz), BnO-CHH], [3.72 
(1H, d, J 16.5 Hz), 3.21 (1H, d, J 16.5 Hz), Ts-C-CHH], 3.70 (3H, s, O-CH3), 2.47 (3H, s, Ts CH3); δC (101 MHz, 
CDCl3) 204.9 (BnO-CH2-C=O), 196.4 (Ph-C=O), 167.6 (C=O ester), 146.1 (4°), 137.3 (4°), 136.5 (4°), 133.5 
(3°), 131.6 (4°), 130.4 (3°), 129.7 (3°), 128.7 (3°), 128.5 (3°), 128.3 (3°), 128.1 (3°), 127.9 (3°), [75.4, 73.3, 
2×O-CH2], 53.5 (O-CH3), [37.7, 35.8, 2×Ts-C-CH2], 21.8 (Ts CH3); m/z (ESI) 531 [M+Na]
+, 509 [M+H]+ 
(Found: [M+H]+, 509.1629. C28H28O7S requires [M+H]
+, 509.1634) (Found: C, 66.16; H, 5.62. C28H28O7S 
requires C, 66.12; H, 5.55%). 
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3.6. Unambiguous Cyclisations  
 
Methyl 3-hydroxy-4-phenoxy-5-(phenoxymethyl)benzoate 294 
 
General procedure C was followed on diketone 279 (93.0 mg, 0.177 mmol) in MeOH (1.25 mL) 
irradiating for 30 min. The crude product was purified by column chromatography (10→20% EtOAc–
petrol) isolating methyl 3-hydroxy-4-phenoxy-5-(phenoxymethyl)benzoate 294 (53.2 mg, 86%) as a 
colourless crystalline solid (mp 99–100 °C, EtOAc–petrol); Rf 0.31 (20% EtOAc–petrol); νmax (film) 3417, 
3062, 3041, 2949, 1699, 1599, 1489, 1441, 1388, 1333, 1221, 1101, 1028, 1005, 982, 918, 889, 860, 768, 
750, 690 cm−1; δH (300 MHz, CDCl3) [7.89 (1H, s), 7.75 (1H, d, J 1.5 Hz), 2×phenol C-H] 7.38-7.20 (4H, m, 
2×meta Ph), 7.09 (1H, t, J 8.0 Hz, para C-H of Ph-O-Ar), 7.00-6.79 (5H, m, para C-H of Ph-O-CH2 and 
2×ortho Ph), 5.74 (1H, s, OH), 4.94 (2H, s, CH2), 3.94 (3H, s, CH3); δC (75 MHz, CDCl3) 166.4 (C=O), 158.3 
(4°), 156.9 (4°), 149.0 (4°), 142.8 (4°), 131.5 (4°), [130.1, 129.4, 2×meta Ph], 128.3 (4°), 123.3 (para Ph), 
122.4 (phenol 3°), 121.2 (para Ph), 117.6 (phenol 3°), [115.1, 114.8, 2×ortho Ph], 64.5 (O-CH2), 52.4 (O-
CH3); m/z (CI) 368 [M+NH4]
+, 270 (Found: [M+NH4]
+, 368.1487. C21H18O5 requires [M+NH4]
+, 368.1498) 
(Found: C, 71.91; H, 5.11. C21H18O5 requires C, 71.99; H, 5.18%). 
Methyl 5-hydroxybiphenyl-3-carboxylate 295211 
 
General procedure C was followed on diketone 280 (77.0 mg, 0.191 mmol) in MeOH (1.25 mL) 
irradiating for 30 min. The crude product was purified by column chromatography (10→20% EtOAc–
petrol) isolating methyl 5-hydroxybiphenyl-3-carboxylate 295 (22.9 mg, 53%) as a colourless crystalline 
solid (mp 110–112 °C, EtOAc–petrol; lit.211 112–113 °C); Rf 0.66 (50% EtOAc–petrol); νmax (film) 3431, 
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3032, 2954, 1709, 1595, 1477, 1452, 1431, 1350, 1329, 1296, 1255, 1198, 1109, 999, 877, 758, 698 cm−1; 
δH (300 MHz, CDCl3) 7.88 (1H, s, H-2), 7.64-7.34 (6H, m, Ph and H-4 or H-6), 7.33 (1H, s, H-6 or H-4), 6.00 
(1H, brs, OH), 3.97 (3H, s, O-CH3); δC (101 MHz, CDCl3) 166.8 (C=O), 155.9 (4°), 143.2 (4°), 139.7 (4°), 
132.0 (4°), 128.9 (Ph 3°), 127.9 (3°), 127.1 (Ph 3°), 121.0 (3°), 118.6 (3°), 115.0 (3°), 52.3 (O-CH3); m/z (CI) 
246 [M+NH4]
+, 228 (Found: [M+NH4]
+, 246.1122. C14H12O3 requires [M+NH4]
+, 246.1130); in agreement 
with previously reported spectroscopic data. 
Methyl 6-heptyl-5-hydroxybiphenyl-3-carboxylate 296 
 
General procedure C was followed on diketone 282 (84.0 mg, 0.168 mmol) in MeOH (2.0 mL) irradiating 
for 30 min. The crude product was purified by column chromatography (5→10% EtOAc–petrol) isolating 
methyl 6-heptyl-5-hydroxybiphenyl-3-carboxylate 296 (51.6 mg, 94%) as a pale yellow crystalline solid 
(mp 60–61 °C, EtOAc–petrol); Rf 0.48 (20% EtOAc–petrol); νmax (film) 3429, 2953, 2925, 2854, 1699, 
1583, 1439, 1419, 1344, 1254, 1140, 1105, 1011, 766, 701 cm−1; δH (300 MHz, CDCl3) 7.59 (1H, s, H-2), 
7.51 (1H, s, H-4), 7.49-7.26 (5H, m, Ph), 5.69 (1H, s, OH), 3.92 (3H, s, O-CH3), 2.60 (2H, t, J 7.5 Hz, Ar-CH2), 
1.74-1.12 (10H, m, other CH2), 0.86 (3H, t, J 6.5 Hz, CH2-CH3); δC (75 MHz, CDCl3) 167.2 (C=O), 154.1 (4°), 
143.9 (4°), 141.1 (4°), 133.1 (4°), 129.1 (3°), 128.1 (3°), 127.9 (4°), 127.2 (3°), 123.8 (3°), 115.0 (3°), 52.2 
(O-CH3), [31.7, 29.6, 29.4, 28.8, 27.2, 22.6, CH2], 14.1 (CH2-CH3); m/z (CI) 344 [M+NH4]
+, 327 [M+H]+ 
(Found: [M+NH4]
+, 344.2227. C21H26O3 requires [M+NH4]
+, 344.2226) (Found: C, 77.38; H, 8.13. C21H26O3 
requires C, 77.28; H, 8.03%). 
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Methyl 4-heptyl-3-hydroxy-5-octylbenzoate 297 
CO2MeTs
O
Octyl
O
Octyl
CO2Me
Octyl
Heptyl
OH
283 297  
General procedure C was followed on diketone 283 (360 mg, 0.670 mmol) in MeOH (4.28 mL) irradiating 
for 60 min. The crude product was purified by column chromatography (5→10% EtOAc–petrol) isolating 
methyl 4-heptyl-3-hydroxy-5-octylbenzoate 297 (153 mg, 63%) as a pale orange solid (mp 58–59 °C, 
EtOAc–petrol); Rf 0.50 (20% EtOAc–petrol); νmax (film) 3417, 2954, 2924, 2854, 1695, 1585, 1504, 1427, 
1423, 1336, 1300, 1246, 1176, 1111, 1005, 914, 885, 771, 721 cm−1; δH (300 MHz, CDCl3) [7.45 (1H, s), 
7.37 (1H, s), Ar-H], 5.40 (1H, s, OH), 3.91 (3H, s, O-CH3), 2.68-2.56 (4H, m, 2×Ar-CH2), 1.75-1.24 (22H, m, 
other CH2), 1.01-0.79 (6H, m, 2×CH2-CH3); δC (101 MHz, CDCl3) 167.4 (C=O), 153.8 (4°), 142.8 (4°), 133.2 
(4°), 127.9 (4°), 123.0 (3°), 113.6 (3°), 52.0 (O-CH3), [32.9, 31.9, 31.8, 31.4, 30.0, 29.7, 29.6, 29.5, 29.2 
(×2), 26.4, 22.7 (×2), 13×CH2], 14.1 (2×CH2-CH3); m/z (CI) 380 [M+NH4]
+, 363 [M+H]+, 344 (Found: 
[M+NH4]
+, 380.3164. C23H38O3 requires [M+NH4]
+, 380.3165) (Found: C, 76.09; H, 10.57. C23H38O3 
requires C, 76.20; H, 10.56%). 
Methyl 2-benzyl-6-hydroxybiphenyl-4-carboxylate 298 
CO2MeTs
O O
Ph Ph Ph
HO
Ph
CO2Me
287 298  
General procedure C was followed on diketone 287 (320 mg, 0.650 mmol) in MeOH (4.15 mL) irradiating 
for 30 min. The crude product was purified by column chromatography (5→20% EtOAc–petrol) isolating 
methyl 2-benzyl-6-hydroxybiphenyl-4-carboxylate 298 (185 mg, 89%) as a colourless solid (mp 155–156 
°C, EtOAc–petrol); Rf 0.58 (50% EtOAc–petrol); νmax (film) 3415, 3022, 3002, 1701, 1581, 1493, 1441, 
1417, 1329, 1246, 1115, 1074, 1016, 874, 768, 700, 615 cm−1; δH (400 MHz, CDCl3) 7.61-7.58 (2H, m, Ar-
H), 7.51-7.43 (3H, m, Ar-H), 7.23-7.12 (5H, m, Ar-H), 6.92-6.87 (2H, m, Ar-H), 4.95 (1H, brs, OH), 3.93 (3H, 
s, O-CH3), 3.77 (2H, s, CH2); δC (101 MHz, CDCl3) 166.9 (C=O), 153.2 (4°), 140.5 (4°), 140.4 (4°), 133.9 (4°), 
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133.0 (4°), 130.6 (4°), 130.0 (Ph 3°), 129.4 (Ph 3°), 128.7 (Ph 3°), 128.7 (Ph 3°), [128.2, 126.0, 123.4, 
114.4, 2×para Ph and 2×phenol 3°], 52.2 (O-CH3), 39.5 (CH2); m/z (CI) 336 [M+NH4]
+, 319 [M+H]+ (Found: 
[M+NH4]
+, 336.1595. C21H18O3 requires [M+NH4]
+, 336.1600) (Found: C, 79.35; H, 5.73. C21H18O3 requires 
C, 79.23; H, 5.70%). 
Methyl 4-(benzyloxy)-3-(benzyloxymethyl)-5-hydroxybenzoate 299 
CO2MeTs
O O
BnO OBn
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CO2Me
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General procedure C was followed on diketone 288 (380 mg, 0.688 mmol) in MeOH (4.4 mL) irradiating 
for 30 min. The crude product was purified by column chromatography (5→20% EtOAc–petrol) isolating 
methyl 4-(benzyloxy)-3-(benzyloxymethyl)-5-hydroxybenzoate 299 (224 mg, 86%) as a colourless solid 
(mp 57–58 °C, EtOAc–petrol); Rf 0.40 (20% EtOAc–petrol); νmax (film) 3375, 3064, 3032, 2951, 2866, 
1718, 1597, 1496, 1439, 1331, 1238, 1107, 1003, 910, 771, 737, 698, 602 cm−1; δH (400 MHz, CDCl3) 7.74 
(1H, d, J 2.0 Hz, H-6), 7.60 (1H, d, J 2.0 Hz, H-2), 7.42-7.24 (10H, m, 2×Ph), 5.68 (1H, brs, OH), 5.03 (2H, s, 
Ar-CH2-OBn), 4.62 (2H, s, Ar-O-CH2-Ph), 4.61 (2H, s, Ar-CH2-O-CH2-Ph), 3.92 (3H, s, O-CH3); δC (101 MHz, 
CDCl3) 166.6 (C=O), 149.1 (4°), 148.4 (4°), 137.8 (4°), 136.4 (4°), 131.5 (4°), 128.9 (3°), 128.8 (3°), 128.5 
(3°), 128.3 (3°), 128.0 (3°), 127.8 (3°), 126.7 (4°), [123.7, 116.8, 2×phenol 3°] [76.9, 72.8, 67.1, 3×O-CH2], 
52.2 (O-CH3); m/z (ESI-) 755 [2M-H]
- (Found: [2M-H]-, 755.2878. C23H22O5 requires [2M-H]
-, 755.2856) 
(Found: C, 72.88; H, 5.91. C23H22O5 requires C, 73.00; H, 5.86%). 
Methyl 3-hydroxy-4,5-diphenylbenzoate 300
212
 
 
General procedure C was followed on diketone 292 (185 mg, 0.387 mmol) in MeOH (2.50 mL) irradiating 
for 30 min. The crude product mixture was purified by column chromatography (10→20% EtOAc–petrol) 
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isolating methyl 3-hydroxy-4,5-diphenylbenzoate 300 (111 mg, 94%) as a colourless solid (mp 161–163 
°C, EtOAc–petrol; lit.212 155–157 °C, diisopropyl ether); Rf 0.67 (50% EtOAc–petrol); νmax (film) 3390, 
3051, 2989, 2945, 1695, 1583, 1479, 1441, 1412, 1334, 1271, 1113, 1005, 881, 766, 733, 702, 586 cm−1; 
δH (400 MHz, CDCl3) [7.74 (1H, d, J 1.5 Hz), 7.71 (1H, d, J 1.5 Hz), H-5’ and H-3’], [7.41-7.30 (3H, m), 7.21-
7.16 (5H, m), 7.12-7.07 (2H, m), 2×Ph], 5.27 (1H, brs, OH), 3.97 (3H, s, O-CH3); δC (101 MHz, CDCl3) 166.7 
(C=O), 153.1 (4°), 142.5 (4°), 140.2 (4°), 134.2 (4°), 131.2 (4°), 130.6 (4°), 130.5 (Ph 3°), 129.6 (Ph 3°), 
129.2 (Ph 3°), 128.3 (para Ph), 127.8 (Ph 3°), 126.8 (para Ph), [123.5, 115.5, 2×phenol 3°], 52.3 (O-CH3); 
m/z (CI) 322 [M+NH4]
+, 305 [M+H]+ (Found: [M+H]+, 305.1169. C20H16O3 requires [M+H]
+, 305.1178); in 
agreement with previously reported spectroscopic data. 
Methyl 6-(benzyloxy)-5-hydroxybiphenyl-3-carboxylate 301 
 
General procedure C was followed on diketone 293 (125 mg, 0.246 mmol) in MeOH (2.0 mL) irradiating 
for 30 min. The crude product mixture was purified by column chromatography (10→20% EtOAc–petrol) 
isolating methyl 6-(benzyloxy)-5-hydroxybiphenyl-3-carboxylate 301 (66.1 mg, 80%) as a colourless solid 
(mp 75–76 °C, EtOAc–petrol); Rf 0.42 (20% EtOAc–petrol); νmax (film) 3421, 3062, 3032, 2951, 1720, 
1589, 1437, 1354, 1250, 1213, 1124, 1009, 964, 768, 748, 698 cm−1; δH (400 MHz, CDCl3) 7.70-7.61 (4H, 
m, Ar-H), 7.54-7.48 (2H, m, Ar-H), 7.46-7.41 (1H, m, Ar-H), 7.36-7.31 (3H, m, Ar-H), 7.19-7.13 (2H, m, Ar-
H), 5.86 (1H, brs, OH), 4.53 (2H, s, O-CH2), 3.92 (3H, s, O-CH3); δC (101 MHz, CDCl3) 166.6 (C=O), 149. 3 
(4°), 146.9 (4°), 137.3 (4°), 136.0 (4°), 134.5 (4°), 128.9 (Ph 3°), 128.8 (para Ph), 128.7 (Ph 3°), 128.7 (Ph 
3°), 128.5 (Ph 3°), 128.0 (para Ph), 126.7 (4°), 124.0 (phenol 3°), 115.6 (phenol 3°), 75.5 (O-CH2), 52.2 (O-
CH3); m/z (ESI) 335 [M+H]
+ (Found: [M+H]+, 335.1282. C21H18O4 requires [M+H]
+, 335.1283) (Found: C, 
75.37; H, 5.50. C21H18O4 requires C, 75.43; H, 5.43%). 
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3.7. Ambiguous Cyclisations 
 
Methyl 4-(benzyloxy)-3-hydroxy-5-methylbenzoate 304 and methyl 3-(benzyloxymethyl)-5-
hydroxybenzoate 305 
CO2MeTs
O O
BnO
HO
OBn
CO2Me
BnO
OH
CO2Me
277 304 305  
Method 1 
General procedure B was followed on diketone 277 (50.0 mg, 0.112 mmol, 1 equiv) in MeOH (1.43 mL) 
using K2CO3 (124 mg, 0.897 mmol, 8 equiv). The reaction was stirred at rt for 30 min. After workup the 
crude brown oil was purified by column chromatography (20% EtOAc–petrol) isolating two phenolic 
products methyl 4-(benzyloxy)-3-hydroxy-5-methylbenzoate 304 (11.7 mg, 38%) as a colourless solid 
(mp 89–92 °C, EtOAc–petrol) and methyl 3-(benzyloxymethyl)-5-hydroxybenzoate 305 (2.70 mg, 9%) as 
a colourless oil. 
Method 2 
General procedure C was followed on diketone 277 (52.0 mg, 0.117 mmol) in MeOH (0.75 mL) 
irradiating for 30 min. The crude product mixture was purified by column chromatography (10→20% 
EtOAc–petrol) isolating two phenolic products methyl 4-(benzyloxy)-3-hydroxy-5-methylbenzoate 304 
(18.4 mg, 58%) as a colourless solid and methyl 3-(benzyloxymethyl)-5-hydroxybenzoate 305 (4.10 mg, 
15%) as a colourless oil. 
 
304: Rf 0.71 (20% EtOAc–petrol); νmax (film) 3416, 2955, 2923, 2900, 1708, 1686, 1599, 1455, 1439, 1428, 
1334, 1280, 1256, 1231, 1200, 1050, 996, 972, 901, 880, 768, 750, 717, 690 cm−1; δH (500 MHz, CDCl3) 
7.47 (1H, d, J 1.5 Hz, phenol C-H), 7.46 (1H, d, J 1.5 Hz, phenol C-H), 7.43-7.38 (5H, m, Ph), 5.54 (1H, s, 
OH), 4.95 (2H, s, O-CH2), 3.88 (3H, s, O-CH3), 2.35 (3H, s, Ar-CH3); δC (126 MHz, CDCl3) 166.7 (C=O), 148.9 
(4°), 148.3 (4°), 136.4 (4°), 131.1 (4°), 128.9 (3°), 128.8 (3°), 128.2 (3°), 126.4(4°), 124.3 (3° Ar), 114.6 (3° 
Ar), 75.5 (CH2), 52.1 (O-CH3), 16.4 (Ar-CH3); m/z (CI) 290 [M+NH4]
+, 273 [M+H]+, 222, 200, 183, 125, 108, 
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91, 53 (Found: [M+NH4]
+, 290.1405. C16H16O4 requires [M+NH4]
+, 290.1392) (Found: C, 70.65; H, 5.91. 
C16H16O4 requires C, 70.58; H, 5.92%). 
305: Rf 0.65 (20% EtOAc–petrol); νmax (film) 3425, 2952, 2925, 2860, 1697, 1639, 1601, 1496, 1454, 1436, 
1329, 1240, 1157, 1111, 1001, 872, 771, 741, 698 cm−1; δH (300 MHz, CDCl3) 7.61 (1H, s, H-2 or H-6), 
7.46-7.21 (6H, m, Ph and H-2 or H-6), 7.11 (1H, s, H-4), 5.17 (1H, brs, OH), [4.60 (2H, s), 4.57 (2H, s), 
2×CH2], 3.93 (3H, s, O-CH3); δC (75 MHz, CDCl3) 166.8 (C=O), 155.7 (4°), 140.7 (4°), 137.9 (4°), 131.7 (4°), 
128.5 (Ph 3°), 127.8 (Ph 3°), 127.8 (para Ph), [121.2, 119.0, 115.5, 3×phenol 3°], [72.4, 71.3, 2×CH2], 52.3 
(CH3); m/z (CI) 290 [M+NH4]
+, 149 (Found: [M+NH4]
+, 290.1388. C16H16O4 requires [M+NH4]
+, 290.1392). 
Methyl 3-hydroxy-5-methyl-4-phenoxybenzoate 306 and methyl 3-hydroxy-5-
(phenoxymethyl)benzoate 307 
 
General procedure C was followed on diketone 281 (275 mg, 0.470 mmol) in MeOH (3 mL) irradiating for 
30 min. The crude product mixture was purified by column chromatography (10% EtOAc–petrol) 
isolating two phenolic products methyl 3-hydroxy-5-methyl-4-phenoxybenzoate 306 (96.8 mg, 80%) as a 
colourless crystalline solid (mp 101–102 °C, EtOAc–petrol) and methyl 3-hydroxy-5-
(phenoxymethyl)benzoate 307 (19.0 mg, 16%) as a colourless oil that later crystallised to a colourless 
solid (mp 60 °C, EtOAc–petrol). 
306: Rf 0.38 (20% EtOAc–petrol); νmax (film) 3406, 2952, 2924, 1705, 1593, 1489, 1439, 1340, 1255, 1211, 
1051, 997, 889, 750, 688 cm−1; δH (300 MHz, CDCl3) [7.60 (1H, s), 7.53 (1H, s), H-6 and H-2], 7.35-7.25 
(2H, m, meta Ph), 7.07 (1H, t, J 7.5 Hz, para Ph), 6.86 (2H, d, J 8.0 Hz, ortho Ph), 5.77 (1H, s, OH), 3.92 
(3H, s, O-CH3), 2.12 (3H, s, Ar-CH3); δC (75 MHz, CDCl3) 166.7 (C=O), 156.8 (4°), 149.0 (4°), 143.7 (4°), 
132.1 (4°), 130.0 (meta Ph), 127.7 (4°), 124.4 (3°), 122.9 (3°), 115.4 (3°), 115.0 (ortho Ph), 52.2 (O-CH3), 
16.3 (Ar-CH3); m/z (CI) 276 [M+NH4]
+, 259, 227 (Found: [M+NH4]
+, 276.1223. C15H14O4 requires [M+NH4]
+, 
276.1236) (Found: C, 69.68; H, 5.45. C15H14O4 requires C, 69.76; H, 5.46%). 
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307: Rf 0.24 (20% EtOAc–petrol); νmax (film) 3394, 2952, 2924, 1699, 1599, 1496, 1454, 1437, 1329, 1300, 
1238, 1155, 1111, 1028, 1001, 881, 833, 769, 754, 690 cm−1; δH (300 MHz, CDCl3) [7.69 (1H, s), 7.54 (1H, 
s) H-2 and H-6], 7.36-7.25 (2H, m, meta Ph), 7.19 (1H, s, H-4), 7.03-6.93 (3H, m, ortho and para Ph), 5.91 
(1H, s, OH), 5.07 (2H, s, CH2), 3.94 (3H, s, O-CH3); δC (75 MHz, CDCl3) 166.9 (C=O), 158.5 (4°), 156.1 (4°), 
139.5 (4°), 131.8 (4°), 129.6 (meta Ph), 121.2 (3°), 120.7 (3°), 118.9 (3°), 115.9 (3°), 114.9 (ortho Ph), 69.1 
(CH2), 52.4 (O-CH3); m/z (CI) 276 [M+NH4]
+, 259, 182, 52 (Found: [M+NH4]
+, 276.1228. C15H14O4 requires 
[M+NH4]
+, 276.1236) (Found: C, 69.80; H, 5.43. C15H14O4 requires C, 69.76; H, 5.46%). 
Methyl 3-(2,2-dimethylpropyl)-5-hydroxybenzoate 308 
 
General procedure C was followed on diketone 284 (298 mg, 0.752 mmol) in MeOH (4.8 mL) irradiating 
for 30 min. The crude product was purified by column chromatography (5→20% EtOAc–petrol) isolating 
only one phenolic product methyl 3-(2,2-dimethylpropyl)-5-hydroxybenzoate 308 (24.8 mg, 15%) as a 
colourless crystalline solid (mp 53–56 °C, EtOAc–petrol); Rf 0.38 (20% EtOAc–petrol); νmax (film) 3408, 
2952, 2866, 1724, 1699, 1599, 1437, 1334, 1300, 1236, 1161, 1109, 1038, 1003, 874, 775, 746, 694 cm−1; 
δH (400 MHz, CDCl3) [7.43 (1H, d, J 1.5 Hz), 7.41 (1H, s), H-2 and H-6], 6.87 (1H, s, H-4), 5.68 (1H, brs, 
OH), 3.93 (3H, s, O-CH3), 2.51 (2H, s, Ar-CH2), 0.93 (9H, s, 
tBu); δC (101 MHz, CDCl3) 167.4 (C=O), 155.2 
(4°), 142.0 (4°), 130.6 (4°), [124.1, 122.3, C-2 and C-6], 113.8 (C-4), 52.3 (O-CH3), 49.9 (Ar-CH2), 31.8 (
tBu 
C), 29.4 (tBu CH3); m/z (CI) 240 [M+NH4]
+, 224 (Found: [M+NH4]
+, 240.1597. C13H18O3 requires [M+NH4]
+, 
240.1600). 
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Methyl 4-heptyl-3-hydroxy-5-methylbenzoate 310 and methyl 3-hydroxy-5-octylbenzoate 311 
 
General procedure C was followed on diketone 285 (390 mg, 0.889 mmol) in MeOH (4.5 mL) irradiating 
for 1 h. The crude product mixture was purified by column chromatography (5→10% EtOAc–petrol) 
isolating two phenolic products methyl 4-heptyl-3-hydroxy-5-methylbenzoate 310 (101.3 mg, 43%) as a 
colourless solid (mp 79–81 °C, EtOAc–petrol) and methyl 3-hydroxy-5-octylbenzoate 311 (30.9 mg, 13%) 
as a colourless solid (mp 55–57 °C, EtOAc–petrol). 
310: Rf 0.52 (20% EtOAc–petrol); νmax (film) 3438, 3415, 1954, 2920, 2850, 1711, 1589, 1435, 1329, 1300, 
1242, 1105, 1034, 993, 962, 879, 768, 625, 580 cm−1; δH (400 MHz, CDCl3) [7.49 (1H, d, J 1.0 Hz), 7.44 
(1H, d, J 1.0 Hz), H-2 and H-6], 6.15 (1H, brs, OH), 3.92 (3H, s, O-CH3), 2.69 (2H, t, J 8.0 Hz, Ar-CH2), 2.35 
(3H, s, Ar-CH3), 1.58-1.48 (2H, m, Ar-CH2-CH2), 1.46-1.23 (8H, m, 4×CH2), 0.90 (3H, t, J 7.0 Hz, CH2-CH3); δC 
(101 MHz, CDCl3) 167.8 (C=O), 154.0 (4°), 137.9 (4°), 134.0 (4°), 127. 5 (4°), 123.6 (3°), 114.0 (3°), 52.2 (O-
CH3), [31.9, 30.0, 29.2, 28.8, 26.7, 22.7, 19.5, 6×CH2 and Ar-CH3], 14.1 (CH2-CH3); m/z (CI) 282 [M+NH4]
+, 
265 [M+H]+ (Found: [M+H]+, 265.1805. C16H24O3 requires [M+H]
+, 265.1804) (Found: C, 72.58; H, 9.09. 
C16H24O3 requires C, 72.69; H, 9.15%). 
311: Rf 0.45 (20% EtOAc–petrol); νmax (film) 3431, 2921, 2852, 1718, 1597, 1450, 1323, 1294, 1248, 1157, 
1113, 999, 874, 769, 687, 606 cm−1; δH (400 MHz, CDCl3) 7.46 (1H, app.t, J 2.0 Hz, H-2), 7.37 (1H, app.t, J 
2.0 Hz, H-6), 6.90 (1H, app.t, J 2.0 Hz, H-4), 5.39 (1H, brs, OH), 3.92 (3H, s, O-CH3), 2.61 (2H, t, J 8.0 Hz, 
Ar-CH2), 1.62 (2H, quintet, J 7.5 Hz, Ar-CH2-CH2), 1.37-1.22 (10H, m, 5×CH2), 0.90 (3H, t, J 7.0 Hz, CH2-
CH3); δC (101 MHz, CDCl3) 167.3 (C=O), 155.6 (4°), 145.2 (4°), 131.2 (4°), 122.2 (3°), 120.3 (3°), 113.6 (3°), 
52.2 (O-CH3), [35.7, 31.9, 31.2, 29.4, 29.2 (×2), 22.7, 7×CH2], 14.1 (CH2-CH3); m/z (CI) 282 [M+NH4]
+, 265 
[M+H]+ (Found: [M+H]+, 265.1806. C16H24O3 requires [M+H]
+, 265.1804) (Found: C, 72.56; H, 9.17. 
C16H24O3 requires C, 72.69; H, 9.15%). 
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Methyl 2-hydroxy-6-methylbiphenyl-4-carboxylate 312213 
 
General procedure C was followed on diketone 286 (370 mg, 0.890 mmol) in MeOH (5 mL) irradiating for 
30 min. The crude product mixture was purified by column chromatography (5→20% EtOAc–petrol) 
isolating only one product phenol methyl 2-hydroxy-6-methylbiphenyl-4-carboxylate 312 (177 mg, 81%) 
as a pale orange solid (mp 118–119 °C, EtOAc–petrol; lit.213 127–128 °C, petrol); Rf 0.32 (20% EtOAc–
petrol); νmax (film) 3413, 3056, 3026, 2952, 1699, 1581, 1439, 1415, 1325, 1242, 1113, 1045, 997, 883, 
769, 702 cm−1; δH (400 MHz, CDCl3) 7.60-7.44 (5H, m, Ph), [7.31 (1H, d, J 1.5 Hz), 7.29 (1H, d, J 1.5 Hz), H-
3 and H-5], 4.99 (1H, brs, OH), 3.95 (3H, s, O-CH3), 2.14 (3H, s, Ar-CH3); δC (101 MHz, CDCl3) 167.0 (C=O), 
152.9 (4°), 137.6 (4°), 134.6 (4°), 132.8 (4°), 130.2 (4°), [129.8, 129.6, ortho and meta Ph], 128.6 (para 
Ph), 123.2 (phenol 3°), 113.9 (phenol 3°), 52.2 (O-CH3), 20.4 (Ar-CH3); m/z (CI) 260 [M+NH4]
+, 243 [M+H]+ 
(Found: [M+H]+, 243.1024. C15H14O3 requires [M+H]
+, 243.1021) (Found: C, 74.47; H, 5.91. C15H14O3 
requires C, 74.36; H, 5.82%); in agreement with previously reported spectroscopic data. 
Methyl 2-hydroxy-6-octylbiphenyl-4-carboxylate 314 
 
General procedure C was followed on diketone 289 (380 mg, 0.738 mmol) in MeOH (4.71 mL) irradiating 
for 30 min. The crude product mixture was purified by column chromatography (10→15% EtOAc–petrol) 
isolating only one product phenol methyl 2-hydroxy-6-octylbiphenyl-4-carboxylate 314 (197 mg, 78%) as 
a yellow solid (mp 93–94 °C, EtOAc–petrol); Rf 0.27 (20% EtOAc–petrol); νmax (film) 3421, 2925, 2854, 
1720, 1699, 1579, 1437, 1419, 1317, 1232, 1099, 1009, 887, 769, 705 cm−1; δH (400 MHz, CDCl3) 7.60-
7.45 (5H, m, Ar-H), 7.32-7.27 (2H, m, Ar-H), 4.88 (1H, s, OH), 3.95 (3H, s, O-CH3), 2.41 (2H, t, J 8.0 Hz, Ar-
CH2), 1.49-1.36 (2H, m, Ar-CH2-CH2), 1.34-1.09 (10H, m, 5×CH2), 0.88 (3H, t, J 7.0 Hz, CH2-CH3); δC (101 
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MHz, CDCl3) 167.0 (C=O), 152.9 (4°), 142.5 (4°), 134.3 (4°), 132.5 (4°), 130.4 (4°), [130.0, 129.4, ortho and 
meta Ph], 128.6 (3°), 122.3 (3°), 113.6 (3°), 52.2 (O-CH3), [33.3, 31.8, 31.0, 29.3, 29.2, 29.1, 22.7, 7×CH2], 
14.1 (CH2-CH3); m/z (ESI-) 679 [2M-H]
-, 477, 383, 339 [M-H]-, 309, 307, 279, 265, 239 (Found: [2M-H]-, 
679.4023. C22H28O3 requires [2M-H]
-, 679.3999) (Found: C, 77.69; H, 8.27. C22H28O3 requires C, 77.61; H, 
8.29%). 
Methyl 4-(benzyloxy)-3-hydroxy-5-octylbenzoate 316 and methyl 3-(benzyloxymethyl)-5-hydroxy-4-
heptylbenzoate 317 
 
General procedure C was followed on diketone 290 (420 mg, 0.771 mmol) in MeOH (4.92 mL) irradiating 
for 50 min. The crude product mixture was purified by column chromatography (twice 10→20% [50% 
EtOAc–CH2Cl2]–petrol) isolating two phenolic products methyl 4-(benzyloxy)-3-hydroxy-5-octylbenzoate 
316 (125 mg, 44%) as a colourless solid (mp 47–50 °C, EtOAc–petrol) and methyl 3-(benzyloxymethyl)-5-
hydroxy-4-heptylbenzoate 317 (83.0 mg, 29%) as a colourless solid (mp 86–87 °C, EtOAc–petrol). 
316: Rf 0.28 (1:1:8 CH2Cl2– EtOAc–petrol); νmax (film) 3410, 2925, 2854, 1722, 1693, 1591, 1498, 1439, 
1323, 1228, 1097, 1005, 910, 891, 769, 727, 696 cm−1; δH (400 MHz, CDCl3) [7.52 (1H, d, J 2.0 Hz), 7.51 
(1H, d, J 2.0 Hz), H-2 and H-6], 7.48-7.38 (5H, m, Ph), 5.78 (1H, s, OH), 4.98 (2H, s, O-CH2), 3.92 (3H, s, O-
CH3), 2.69 (2H, t, J 8.0 Hz, Ar-CH2-CH2), 1.67 (2H, quintet, J 8.0 Hz, Ar-CH2-CH2), 1.43-1.22 (10H, m, 
5×CH2), 0.92 (3H, t, J 7.0 Hz, CH2-CH3); δC (101 MHz, CDCl3) 167.0 (C=O), 149.0 (4°), 148.3 (4°), 136.6 (4°), 
136.3 (4°), 128.9 (Ph 3°), 128.7 (para Ph), 128.1 (Ph 3°), 126.4 (4°), 123.3 (phenol 3°), 114.7 (phenol 3°), 
75.9 (O-CH2), 52.2 (O-CH3), [31.9, 30.4, 30.0, 29.6, 29.4, 29.3, 22.7, 7×CH2], 14.1 (CH2-CH3); m/z (CI) 388 
[M+NH4]
+, 371 [M+H]+, 298, 108 (Found: [M+NH4]
+, 388.2491. C23H30O4 requires [M+NH4]
+, 388.2488) 
(Found: C, 74.66; H, 8.23. C23H30O4 requires C, 74.56; H, 8.16%). 
317: Rf 0.22 (1:1:8 CH2Cl2– EtOAc–petrol); νmax (film) 3423, 2954, 2919, 2850, 1709, 1589, 1433, 1410, 
1348, 1327, 1306, 1240, 1108, 1074, 997, 889, 765, 752, 696, 627 cm−1; δH (400 MHz, CDCl3) [7.68 (1H, d, 
J 1.5 Hz), 7.49 (1H, d, J 1.5 Hz), H-2 and H-6], 7.45-7.30 (5H, m, Ph), 5.46 (1H, brs, OH), [4.61 (2H, s), 4.58 
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(2H, s), 2×O-CH2], 3.93 (3H, s, O-CH3), 2.70 (2H, t, J 8.0 Hz, Ar-CH2-CH2), 1.57-1.47 (2H, m, Ar-CH2-CH2), 
1.40-1.21 (8H, m, 4×CH2), 0.90 (3H, t, J 7.0 Hz, CH2-CH3); δC (101 MHz, CDCl3) 167.1 (C=O), 154.0 (4°), 
138.0 (4°), 137.6 (4°), 134.2 (4°), 128.4 (Ph 3°), 128.1 (4°), 128.0 (Ph 3°), 127.8 (para Ph), 123.1 (Phenol 
3°), 115.9 (phenol 3°), [72.6, 70.0, 2×O-CH2], 52.2 (O-CH3), [31.8, 30.1, 29.6, 29.2, 26.4, 22.7, 6×CH2], 14.1 
(CH2-CH3); m/z (CI) 388 [M+NH4]
+ (Found: [M+NH4]
+, 388.2489. C23H30O4 requires [M+NH4]
+, 388.2488) 
(Found: C, 74.62; H, 8.19. C23H30O4 requires C, 74.56; H, 8.16%). 
Methyl 2-hydroxy-6-(phenoxymethyl)biphenyl-4-carboxylate 318 
CO2MeTs
O O
PhO Ph
PhO
Ph
OH
CO2Me
291 318  
General procedure C was followed on diketone 291 (48.0 mg, 94.4 µmol) in MeOH (0.60 mL). The crude 
product mixture was purified by column chromatography (10→20% EtOAc–petrol) isolating only one 
phenolic product methyl 2-hydroxy-6-(phenoxymethyl)biphenyl-4-carboxylate 318 (26.1 mg, 83%) as a 
colourless solid (mp 138–140 °C, EtOAc–petrol); Rf 0.35 (20% EtOAc–petrol); νmax (film) 3384, 3055, 
3030, 1697, 1597, 1495, 1437, 1417, 1377, 1325, 1252, 1227, 1120, 1016, 914, 883, 835, 748, 688, 640 
cm−1; δH (400 MHz, CDCl3) [7.93 (1H, s), 7.69 (1H, s), H-3 and H-5], 7.59-7.21 (7H, m, Ar-H), 6.95 (1H, t, J 
7.5 Hz, para OPh), 6.83 (2H, d, J 8.0 Hz, ortho OPh), 5.06 (1H, s, OH), 4.77 (2H, s, CH2), 3.96 (3H, s, O-
CH3); δC (101 MHz, CDCl3) 166.6 (C=O), 158.4 (4°), 153.1 (4°), 136.4 (4°), 133.0 (4°), 132.1 (4°), 131.0 (4°), 
129.8 (3°), 129.6 (3°), 129.4 (3°), 129.1 (3°), 122.0 (3°), 121.1 (3°), 116.2 (3°), 114.8 (3°), 67.8 (O-CH2), 
52.3 (O-CH3); m/z (CI) 352 [M+NH4]
+, 260 (Found: [M+NH4]
+, 352.1552. C21H18O4 requires [M+NH4]
+, 
352.1549). 
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3.8. Miscellaneous Extensions to the Phenol Forming Methodology 
 
Dimethyl 2-tosylsuccinate 328 
 
Methyl 2-tosylacetate 191 (1.00 g, 4.38 mmol, 1 equiv) was dissolved in DMF (20 mL) and cooled to 0 °C. 
Sodium hydride (60% in mineral oil, 175 mg, 4.38 mmol, 1 equiv) was added and the suspension stirred 
for 30 min at 0 °C. Methyl bromoacetate 193 (670 mg, 4.38 mmol, 1 equiv) was then added dropwise 
over 5 min. The solution was then stirred for 22 h at rt gaining a pale yellow colouration. The solution 
was poured into sat. NH4Cl(aq) (50 mL), extracted with EtOAc (3×20 mL) and the combined organic phases 
were dried (MgSO4). The solvent was removed in vacuo leaving a pale yellow viscous oil, which was 
purified by column chromatography (50% EtOAc–petrol) giving an inseparable mixture of starting 
material 191, desired product dimethyl 2-tosylsuccinate 328 and dialkylated product trimethyl 2-
tosylpropane-1,2,3-tricarboxylate 329 (1.10 g, ~1:8:1 by GCMS) as a colourless gum which was used 
crude in the next steps (mixture 4). 
Dimethyl 2-(2-benzyloxymethyl)allyl)-2-tosylsuccinate 330 
 
General procedure F was followed on mixture 4 (400 mg, 1.33 mmol, 1 equiv based on mixture 4 being 
pure 328) using carbonate 236 (378 mg, 1.60 mmol, 1.2 equiv) in THF (10 mL). The reaction was heated 
under reflux for 4 h. After workup the crude was purified by column chromatography (10→20% EtOAc–
petrol) isolating dimethyl 2-(2-benzyloxymethyl)allyl)-2-tosylsuccinate 330 (61% over 2 steps from 191) 
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as a yellow oil and methyl 4-(benzyloxymethyl)-2-(2-(benzyloxymethyl)allyl)-2-tosylpent-4-enoate 255 
(66.3 mg, 7.6% over 2 steps from 191) as a yellow oil. 
330: Rf 0.24 (20% EtOAc–petrol); νmax (film) 3064, 3031, 2999, 2952, 2859, 1740, 1646, 1596, 1495, 1437, 
1409, 1359, 1321, 1305, 1291, 1269, 1228, 1199, 1175, 1147, 1083, 1027, 1017, 1002, 912, 818, 738, 
707, 665, 610 cm−1; δH (400 MHz, CDCl3) 7.67 (2H, d, J 8.0 Hz, ortho Ts), 7.36-7.26 (7H, m, meta Ts and 
Ph), 5.30 (1H, s, C=CHH), 5.09 (1H, s, C=CHH), 4.48 (2H, s, O-CH2-Ph), 4.01 (2H, s, C=C-CH2-O), [3.60 (3H, 
s), 3.59 (3H, s), 2×O-CH3], 3.32-3.03 (4H, m, 2×Ts-C-CH2), 2.44 (3H, s, Ts CH3); δC (101 MHz, CDCl3) [169.8, 
167.7, 2×ester C=O], 145.8 (4°), 140.4 (C=CH2), 138.4 (4°), 132.3 (4°), 130.3 (3°), 129.6 (3°), 128.3 (3°), 
127.6 (3°), 127.5 (para Ph), 118.2 (C=CH2), 74.0 (Ts-C), 73.2 (C=C-CH2-O), 72.2 (O-CH2-Ph), [53.0, 52.0, 
2×O-CH3], [34.3, 33.1, 2×Ts-C-CH2], 21.7 (Ts CH3); m/z (CI) 478 [M+NH4]
+, 461 [M+H]+, 416, 324, 318, 307, 
279, 176, 174 (Found: [M+NH4]
+, 478.1893. C24H28O7S requires [M+NH4]
+, 478.1899) (Found: C, 62.49; H, 
6.08. C24H28O7S requires C, 62.59; H, 6.13%). 
255: Data as previously reported. 
Dimethyl 2-(2-methylallyl)-2-tosylsuccinate 331 
 
To a combination of mixture 4 (200 mg, 0.666 mmol, 1 equiv based on mixture 4 being pure 328) and 
Bu4NI (369 mg, 1.00 mmol, 1.5 equiv) in DMF (2 mL), sodium hydride (60% in mineral oil, 26.6 mg, 0.666 
mmol, 1 equiv) was added at 0 °C. After stirring for 30 min 3-chloro-2-methylpropene 211 (0.260 mL, 
2.66 mmol, 4 equiv) was added and the mixture stirred at rt for 22 h. Sat. NH4Cl(aq) (10 mL) was then 
added and the mixture extracted with EtOAc (3×10 mL). The combined organic phases were washed 
with H2O (50 mL), dried (MgSO4) and the solvent evaporated in vacuo to a yellow oil. Purification by 
column chromatography (10→20% EtOAc–petrol) gave dimethyl 2-(2-methylallyl)-2-tosylsuccinate 331 
(169 mg, 60% over 2 steps from 191) as a colourless gum; Rf 0.24 (20% EtOAc–petrol); νmax (film) 2981, 
2953, 1740, 1643, 1596, 1437, 1409, 1376, 1359, 1320, 1305, 1292, 1264, 1233, 1199, 1176, 1147, 1083, 
1038, 1018, 1000, 900, 849, 817, 736, 709, 665, 618 cm−1; δH (300 MHz, CDCl3) 7.66 (2H, d, J 8.0 Hz, 
ortho Ts), 7.33 (2H, d, J 8.0 Hz, meta Ts), 4.88 (1H, s, C=CHH), 4.79 (1H, s, C=CHH), 3.59 (6H, s, O-CH3), 
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3.27-2.92 (4H, m, 2×Ts-C-CH2), 2.42 (3H, s, Ts CH3), 1.74 (3H, s, CH2=C-CH3); δC (75 MHz, CDCl3) 169.6 
(ester C=O), 167.8 (ester C=O), 145.7 (4°), 140.1 (4°), 132.7 (4°), 130.3 (3°), 129.6 (3°), 117.3 (C=CH2), 
74.2 (Ts-C), 53.0 (O-CH3), 51.9 (O-CH3), [37.3, 34.3, 2×Ts-C-CH2] 23.9 (CH2-CH3), 21.7 (Ts CH3); m/z (CI) 
372 [M+NH4]
+, 355 [M+H]+ (Found: [M+H]+, 355.1215. C17H22O6S requires [M+H]
+, 355.1215) (Found: C, 
57.53; H, 6.31. C17H22O6S requires C, 57.61; H, 6.26%). 
Dimethyl 2-(3-(benzyloxy)-2-oxopropyl)-2-tosylsuccinate 332 
 
General procedure A was followed on alkene 330 (340 mg, 0.738 mmol) dissolved in a mixture of CH2Cl2 
(28 mL) and MeOH (6 mL). O3/O2 was bubbled through for 8 min and the crude was purified by column 
chromatography (20% EtOAc–petrol) giving dimethyl 2-(3-(benzyloxy)-2-oxopropyl)-2-tosylsuccinate 332 
(264 mg, 77%) as a pale yellow oil; Rf 0.41 (50% EtOAc–petrol); νmax (film) 3063, 3031, 3004, 2953, 2868, 
1738, 1596, 1495, 1453, 1436, 1403, 1360, 1323, 1305, 1277, 1203, 1147, 1083, 1017, 1001, 895, 819, 
803, 738, 707, 668 cm−1; δH (300 MHz, CDCl3) 7.68 (2H, d, J 8.0 Hz, ortho Ts), 7.40-7.21 (7H, m, meta Ts 
and Ph), 4.60 (2H, s, O-CH2), 4.21 (2H, s, O-CH2), [3.89 (1H, d, J 18.0 Hz), 3.43 (1H, d, J 18.0 Hz) Ts-C-CH2-
C=O], 3.68 (3H, s, O-CH3), 3.65 (3H, s, O-CH3), 3.32-3.15 (2H, m, CH2-COOCH3), 2.44 (3H, s, Ts CH3); δC (75 
MHz, CDCl3) 204.8 (ketone C=O), 169.9 (ester C=O), 167.1 (ester C=O), 146.3 (4°), 137.2 (4°), 131.2 (4°), 
130.4 (3°), 129.8 (3°), 128.5 (3°), 128.0 (2×3°), [74.8, 73.4, 71.8, Ts-C and 2×O-CH2], 53.5 (O-CH3), 52.2 (O-
CH3), [37.6, 33.1, 2×Ts-C-CH2], 21.8 (Ts CH3); m/z (FAB) 463 [M+H]
+, 307, 139, 91 (Found: [M+H]+, 
463.1420. C23H26O8S requires [M+H]
+, 463.1427) (Found: C, 59.65; H, 5.75. C23H26O8S requires C, 59.73; 
H, 5.67%). 
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3-Methylbut-3-en-2-ol 347214 
 
Oven dried magnesium turnings (2.00 g, 83.0 g-atom, 1.34 equiv) were stirred vigorously under nitrogen 
for 1 h. Subsequently Et2O (10 mL) was added followed by methyl iodide (5.50 mL, 88.0 mmol, 1.42 
equiv) in Et2O (20 mL) at a rate to keep the solvent gently boiling. Following the addition large amounts 
of magnesium were still visible so more methyl iodide (1.00 mL, 16.0 mmol, 0.26 equiv) was added and 
the mixture heated under reflux for 1 h consuming most of the remaining magnesium. The prepared 
Grignard reagent solution was cooled to 0 °C and methacrolein 346 (5.92 g, 62.0 mmol, 1 equiv) in Et2O 
(50 mL) was added dropwise over 15 min. Stirring was continued for 30 min then the mixture was 
partitioned between HCl(aq) (1 M, 150 mL) and Et2O (100 mL). The aqueous layer was extracted with Et2O 
(3×80 mL). The combined organic phases were washed with sat. NaHCO3(aq) (100 mL), dried (MgSO4) and 
evaporated in vacuo leaving an pale yellow oil. This was purified by distillation giving 3-methylbut-3-en-
2-ol 347 (3.92 g, 73%) as a colourless volatile liquid; δH (300 MHz, CDCl3) 4.92 (1H, s, C=CHH), 4.75 (1H, s, 
C=CHH), 4.29-4.15 (1H, m, C-H), 2.58-2.38 (1H, m, OH), 1.71 (3H, s, HO-C-CH3), 1.30-1.12 (3H, m, CH2=C-
CH3); δC (75 MHz, CDCl3) 149.0 (CH2=C), 109.4 (CH2=C), 71.4 (O-CH), 21.7 (CH-CH3), 17.8 (CH2=C-CH3); in 
agreement with previously reported spectroscopic data. 
Methyl 3-methylbut-3-en-2-yl carbonate 348 
 
General procedure D was followed on allylic alcohol 347 (0.918 g, 10.7 mmol, 1 equiv). The reaction was 
stirred at rt for 24 h. Then a further amount of methyl chloroformate (0.83 mL, 10.7 mmol, 1 equiv) was 
added and stirring continued for 12 h. The crude liquid was purified by vacuum distillation isolating 
methyl 3-methylbut-3-en-2-yl carbonate 348 (0.810 g, 53%) as a colourless volatile liquid; νmax (film) 
2957, 2986, 1750, 1655, 1444, 1361, 1377, 1271, 1116, 1043, 1028, 947, 792 cm−1; δH (300 MHz, CDCl3) 
5.13 (1H, q, J 6.5 Hz, C-H), 5.00 (1H, s, C=CHH), 4.88 (1H, s, C=CHH), 3.77 (3H, s, O-CH3), 1.75 (3H, s, O-C-
CH3), 1.36 (3H, d, J 6.5 Hz, CH2=C-CH3); δC (75 MHz, CDCl3) 155.2 (C=O), 144.0 (CH2=C), 112.2 (CH2=C), 
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77.5 (O-CH), 54.5 (O-CH3), 19.1 (CH-CH3), 17.9 (CH2=C-CH3); m/z (CI) 162 [M+NH4]
+, 94, 86, 80, 52 (Found: 
[M+NH4]
+, 162.1133. C7H12O3 requires [M+NH]
+, 162.1130). 
1-(2,6-Dimethylhepta-1,6-dien-4-ylsulfonyl)-4-methylbenzene 35097 
 
General procedure G: 
To a microwave vial NaCl (542 mg, 9.27 mmol, 1.04 equiv) was added followed by diene 210 (3.00 g, 
8.92 mmol, 1 equiv), DMSO (12 mL) and H2O (0.24 mL). The mixture was subjected to microwave 
irradiation at a temperature of 240 °C for 5 min. The cooled reaction mixture was then poured into H2O 
(200 mL) and extracted with Et2O (3×50 mL). The combined organic phases were washed with H2O 
(2×100 mL), dried (MgSO4) and the solvent evaporated in vacuo leaving the product (pure by 
1H NMR) as 
a brown oil. Filtration through a short pad of silica gel (50% EtOAc–petrol) and evaporation of the 
solvent gave 1-(2,6-dimethylhepta-1,6-dien-4-ylsulfonyl)-4-methylbenzene 350 (2.39 g, 96%) as a 
colourless crystalline solid (mp 41–43 °C, EtOAc–petrol; lit.97 44–45 °C, EtOAc–petrol); Rf 0.77 (50% 
EtOAc–petrol); δH (300 MHz, CDCl3) 7.78 (2H, d, J 8.0 Hz, ortho Ts), 7.36 (2H, d, J 8.0 Hz, meta Ts), 4.79 
(2H, s, C=CHH), 4.72 (2H, s, C=CHH), 3.35 (1H, quintet, J 5.5 Hz, CH), 2.64-2.17 (4H, m, Ts-C-CH2), 2.47 
(3H, s, Ts CH3), 1.66 (6H, s, CH2=C-CH3); δC (75 MHz, CDCl3) 144.7 (ipso Ts), 140.9 (C=CH2), 131.8 (para Ts), 
129.7 (ortho Ts), 129.2 (meta Ts), 114.0 (C=CH2), 60.3 (Ts-CH), 37.0 (Ts-CH-CH2), 21.8 (CH2=C-CH3), 21.7 
(Ts CH3); m/z (CI) 296 [M+NH4]
+, 279 [M+H]+, 123; in agreement with previously reported spectroscopic 
data.  
215 
 
1-(4-Benzyl-2,6-dimethylhepta-1,6-dien-4-ylsulfonyl)-4-methylbenzene 35197 
Ts BnTs
350 351  
General procedure H: 
Diene 350 (250 mg, 0.899 mmol, 1 equiv) was dissolved in THF (7 mL) and cooled to 0 °C with stirring. A 
solution of n-BuLi (2.5 M in hexanes, 0.396 mL, 0.989 mmol, 1.1 equiv) was added dropwise over 30 s, 
the solution turned bright yellow. After a further 30 s, benzyl bromide (0.16 mL, 1.35 mmol, 1.5 equiv) 
was added dropwise over 30 s. The solution was allowed to warm to rt and stirred for 20 h. The solution 
was then diluted with Et2O (20 mL) and sat. NaHCO3(aq) (30 mL) added. The mixture was extracted with 
Et2O (3×10 mL) and the combined organic phases were dried (MgSO4) and the solvent evaporated in 
vacuo to give a bright yellow oil. This was purified by column chromatography (5→10% EtOAc–petrol) 
giving 1-(4-benzyl-2,6-dimethylhepta-1,6-dien-4-ylsulfonyl)-4-methylbenzene 351 (302 mg, 91%) as a 
colourless crystalline solid (mp 83–85 °C, EtOAc–petrol; lit.97 colourless oil); Rf 0.29 (10% EtOAc–petrol); 
δH (300 MHz, CDCl3) 7.57 (2H, d, J 8.0 Hz, ortho Ts), 7.35-7.2 (5H, m, Ph), 7.19 (2H, d, J 8.0 Hz, meta Ts), 
5.03 (2H, s, C=CHH), 4.95 (2H, s, C=CHH), 3.32 (4H, s, Ts-C-CH2), 2.65 (2H, s, Ph-CH2), 2.41 (3H, s, Ts CH3), 
1.86 (6H, s, CH2=C-CH3); δC (75 MHz, CDCl3) 144.0 (4°), 140.7 (CH2=C), 136.0 (4°), 135.0 (4°), 131.7 (3°), 
130.8 (3°), 128.9 (3°), 128.1 (3°), 127.0 (3°), 117.4 (CH2=C), 71.3 (Ts-C), 40.5 (Ts-C-CH2), 39.0 (Ph-CH2), 
25.7 (CH2=C-CH3), 21.6 (Ts-CH3); in agreement with previously reported spectroscopic data.  
1-Methyl-4-(2-methyl-4-(2-methylallyl)tridec-1-en-4-ylsulfonyl)benzene 35297 
 
General procedure H was followed on diene 350 (1.00 g, 3.59 mmol, 1 equiv), using n-BuLi (2.2 M in 
hexanes, 1.80 mL, 3.95 mmol, 1.1 equiv) then adding 1-iodononane (0.851 mL, 4.31 mmol, 1.2 equiv, 
instead of BnBr). The reaction was stirred at rt for 56 h. After workup the crude oil was purified by 
column chromatography (0→10% EtOAc–petrol) giving 1-methyl-4-(2-methyl-4-(2-methylallyl)tridec-1-
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en-4-ylsulfonyl)benzene 352 (955 mg, 66%) as a colourless oil; Rf 0.68 (10% EtOAc–petrol); δH (300 MHz, 
CDCl3) 7.78 (2H, d, J 8.0 Hz, ortho Ts), 7.33 (2H, d, J 8.0 Hz, meta Ts), 4.96 (2H, s, C=CHH), 4.84 (2H, s, 
C=CHH), 2.59 (4H, s, CH2=C-CH2), 2.45 (3H, s, Ts CH3), 1.83 (8H, brs, CH2=C-CH3 and Ts-C-CH2-CH2), 1.49 
(2H, brs, Ts-C-CH2CH2), 1.25 (12H, brs, 6×nonyl CH2), 0.89 (3H, brs, CH2-CH3); δC (75 MHz, CDCl3) 144.3 
(4°), 140.8 (CH2=C), 134.6 (4°), 130.6 (3°), 129.3 (3°), 117.0 (CH2=C), 70.6 (Ts-C), 40.5 (CH2=C-CH2), [33.6, 
31.9, 30.3, 29.5, 29.4, 29.3, 6×nonyl CH2], 25.2 (CH2=C-CH3), [23.9, 22.7, 2×nonyl CH2], 21.6 (Ts CH3), 14.1 
(CH2-CH3); in agreement with previously reported spectroscopic data.  
(R)-N-(2,7-Dimethyl-5-(2-methylallyl)-5-tosyloct-7-en-3-yl)-4-methylbenzenesulfonamide 353 
 
General procedure H was followed on diene 350 (150 mg, 0.899 mmol, 1 equiv), using n-BuLi (2.2 M in 
hexanes, 0.450 mL, 0.989 mmol, 1.1 equiv) then adding (S)-2-isopropyl-1-tosylaziridine (323 mg, 1.35 
mmol, 1.5 equiv). The reaction was stirred at rt for 20 h. After workup the crude oil was purified by 
column chromatography (10→50% EtOAc–petrol) giving (R)-N-(2,7-dimethyl-5-(2-methylallyl)-5-tosyloct-
7-en-3-yl)-4-methylbenzenesulfonamide 353 (141 mg, 30% as a 1:1 mixture of diastereoisomers) as pale 
pink crystals; Rf 0.11 (10% EtOAc–petrol); νmax (film) 3299, 3071, 2966, 2931, 2877, 1632, 1602, 1453, 
1375, 1322, 1286, 1178, 1135, 1093, 1105, 1036, 900, 815, 736, 710, 669 cm−1; δH (300 MHz, CDCl3) 7.85-
7.68 (4H, m, ortho Ts), 7.40-7.26 (4H, m, meta Ts), 5.80 (1H, d, J 5.0 Hz, N-H), 4.93 (2H, s, C=CHH), 4.75 
(2H, s, C=CHH), 3.77-3.58 (1H, m, N-CH), 2.72-2.31 (9H, m, N-CH-CH2 and 
iPr-CH and 2×Ts CH3), 2.09-1.93 
(4H, m, CH2=C-CH2), [1.72 (3H, s), 1.69 (3H, s), CH2=C-CH3], [0.80 (3H, d, J 7.0 Hz), 0.72 (3H, d, J 7.0 Hz), 
iPr CH3]; δC (75 MHz, CDCl3) 145.0 (4°), 143.1 (4°), [140.9, 140.5, CH2=C], 138.5 (4°), 133.0 (4°), 131.2 (3°), 
129.6 (3°), 129.4 (3°), 127.1 (3°), [116.9, 116.3, CH2=C], 70.1 (Ts-C), 54.7, 40.7, 38.9, 32.3, 31.5, 25.3, 
25.2, 21.7, 21.5, 18.6, 15.5; m/z (FAB) 518 [M+H]+, 226, 147, 91, 73 (Found: [M+H]+, 518.2415. 
C28H39O4S2 requires [M+H]
+, 518.2399). 
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4-Benzyl-4-tosylheptane-2,6-dione 354 
 
General procedure A was followed on diene 351 (215 mg, 0.584 mmol) dissolved in a mixture of CH2Cl2 
(16 mL) and MeOH (4 mL). O3/O2 was bubbled through for 5 min (the blue colour persisted after 3 min) 
and the crude was purified by column chromatography (20→50% EtOAc–petrol) giving 4-benzyl-4-
tosylheptane-2,6-dione 354 (204 mg, 94%) as a colourless crystalline solid (slowly decomposes at rt to a 
red oily solid <10 h or on heating); Rf 0.50 (50% EtOAc–petrol); νmax (film) 3062, 3031, 2925, 1715, 1597, 
1495, 1400, 1361, 1289, 1170, 1139, 1079, 818, 741, 712, 669 cm−1; δH (300 MHz, CDCl3) 7.72 (2H, d, J 
8.0 Hz, ortho Ts), 7.35 (2H, d, J 8.0 Hz, meta Ts), 7.36-7.24 (5H, m, Ph), [3.39 (2H, d, J 18.0 Hz), 3.02 (2H, 
d, J 18.0 Hz), O=C-CH2], 3.33 (2H, s, Ph-CH2), 2.47 (3H, s, Ts CH3), 2.08 (6H, s, O=C-CH3); δC (75 MHz, 
CDCl3) 205.1 (C=O), 145.3 (4°), 135.0 (4°), 133.5 (4°), 131.4 (3°), 130.4 (3°), 129.8 (3°), 128.1 (3°), 127.3 
(para Ph), 68.5 (Ts-C), 43.0 (O=C-CH2), 40.1 (Ph-CH2), 31.2 (O=C-CH3), 21.8 (Ts CH3); m/z (CI) 390 
[M+NH4]
+, 373 [M+H]+, 236, 234, 217, 192, 174 (Found: [M+NH4]
+, 390.1739. C21H24O4S requires 
[M+NH4]
+, 390.1739) (Found: C, 67.62; H, 6.41. C21H24O4S requires C, 67.72; H, 6.49%). 
4-Nonyl-4-tosylheptane-2,6-dione 355 
 
General procedure A was followed on diene 352 (710 mg, 1.75 mmol) dissolved in a mixture of CH2Cl2 
(48 mL) and MeOH (12 mL). O3/O2 was bubbled through for 20 min and the crude was purified by 
column chromatography (2→30% EtOAc–petrol) isolating 4-nonyl-4-tosylheptane-2,6-dione 355 (585 
mg, 82%) as a colourless oil (slowly decomposed at rt <2 h and faster on heating to a pale red oil); Rf 
0.75 (20% EtOAc–petrol); νmax (film) 2952, 2925, 2854, 1722, 1714, 1597, 1464, 1456, 1441, 1415, 1360, 
1298, 1288, 1173, 1142, 1084, 818, 712, 688, 654 cm−1; δH (300 MHz, CDCl3) 7.71 (2H, d, J 8.0 Hz, ortho 
Ts), 7.36 (2H, d, J 8.0 Hz, meta Ts), [3.45 (2H, d, J 17.5 Hz) and 2.82 (2H, d, J 17.5 Hz), Ts-C-CH2C=O], 2.45 
(3H, s, Ts CH3), 2.18 (6H, s, O=C-CH3), 1.85-1.75 (2H, m, TsC-CH2-CH2), 1.42-1.02 (14H, m, 7×nonyl CH2), 
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0.87 (3H, t, J 7.0 Hz, CH2-CH3); δC (75 MHz, CDCl3) 205.3 (C=O), 145.3 (4°), 132.9 (4°), 130.1 (3°), 129.8 
(3°), 67.9 (Ts-C), 42.0 (O=C-CH2), [35.5, 31.9, 31.5, 30.0, 29.5, 29.3, 29.3, 23.7, 22.7, 8×nonyl CH2 and 
O=C-CH3], 21.7 (Ts CH3), 14.1 (CH2-CH3); m/z (CI), 426 [M+NH4]
+, 296, 251, 235, 174 (Found: [M+NH4]
+, 
426.2678. C23H36O4S2 requires [M+NH4]
+, 426.2678). 
3-Benzyl-5-methylphenol 356215 
 
General procedure C was followed on diketone 354 (200 mg, 0.543 mmol, 1 equiv) in MeOH (3.5 mL) 
using CsHCO3 (instead of NaHCO3, 221 mg, 1.14 mmol, 2.1 equiv). The reaction mixture was irradiated 
for 1 h. The crude product mixture was purified by column chromatography (7.5% EtOAc–petrol) 
isolating 3-benzyl-5-methylphenol 356 (63.4 mg, 59%) as a yellow oil; Rf 0.39 (20% EtOAc–petrol); νmax 
(film) 3350, 3060, 3028, 2918, 1616, 1586, 1494, 1452, 1376, 1311, 1224, 1194, 1156, 1075, 1029, 977, 
849, 819, 757, 727, 704, 668, 650 cm−1; δH (300 MHz, CDCl3) 7.39-7.19 (5H, m, Ph), 6.63 (1H, s, phenol C-
H), 6.52 (1H, s, phenol C-H), 6.47 (1H, s, phenol C-H), 4.64 (1H, brs, OH) 3.91 (2H, s, CH2), 2.29 (3H, s, 
CH3); δC (75 MHz, CDCl3) 155.6 (4°), 142.8 (4°), 140.9 (4°), 140.3 (4°), 129.0 (Ph 3°), 128.5 (Ph 3°), 126.1 
(3°), 122.4 (3°), 113.8 (phenol 3°), 112.9 (phenol 3°), 41.7 (CH2), 21.4 (CH3); m/z (CI) 216 [M+NH4]
+, 199 
[M+H]+ (Found: [M+H]+, 199.1122. C14H14O requires [M+H]
+, 199.1123). 
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3-Methyl-5-nonylphenol 357 and 1-methoxy-3-methyl-5-nonylbenzene 359 
NonylTs
O O
Nonyl
OH
355
357
S
O
S
O O
358
As a mixture (75% 357 by mass [1H nmr])
Nonyl
OMe
359
 
General procedure C was followed on diketone 355 (160 mg, 0.392 mmol, 1 equiv) in MeOH (2.5 mL) 
irradiating for 30 min. The crude product mixture was purified by column chromatography (10% EtOAc–
petrol) isolating 3-methyl-5-nonylphenol 357 (27.2 mg, as a mixture with toluenesulfinic anhydride 358, 
22% yield of 357 by 1H NMR) as a yellow oil and 1-methoxy-3-methyl-5-nonylbenzene 359 (6.9 mg, 7.1% 
after recolumning with 5% EtOAc–petrol) as a colourless oil. 
357 and 358 mixture: Rf 0.86 (20% EtOAc–petrol); νmax (film) 3446, 2925, 2854, 1597, 1460, 1319, 1302, 
1146, 1078, 1018, 841, 810, 700, 656, 584 cm−1; δH (400 MHz, CDCl3) [7.50 (2H, d, J 8.5 Hz), 7.30-7.21 
(4H, m), 7.17 (2H, d, J 8.5 Hz), Ar-H of 358], [6.60 (1H, s), 6.51 (2H, s), Ar-H of 357], 4.69 (1H, brs, OH of 
357), 2.53 (2H, t, J 7.5 Hz, Ar-CH2 of 357), [2.45 (3H, s), 2.41 (3H, s), 2×Tol CH3 of 358], 2.30 (3H, s, Ar-CH3 
of 357), 1.61 (2H, p, J 7.5 Hz, Ar-CH2-CH2 of 357), 1.39-1.24 (12H, m, 6×CH2 of 357), 0.92 (3H, t, J 7.0 Hz, 
CH2-CH3 of 357); δC (101 MHz, CDCl3) 155.5 (4°), 144.7 (4°), 144.7 (4°), 142.1 (4°), 140.4 (4°), 139.4 (4°), 
136.5 (3° of 358), 130.3 (3° of 358), 129.4 (3° of 358), 127.6 (3° of 358), 124.5 (4°), 121.8 (3° of 357), 
113.3 (3° of 357), 112.4 (3° of 357), [(35.8, 31.9, 31.4, 29.6, 29.6, 29.4, 29.4, 22.7, 21.3, 8×CH2 and Ar-CH3 
of 357], [(21.7, 21.5), 2×Tol CH3 of 358], 14.1 (CH2-CH3 of 357); Unstable to MS. 
359: Rf 0.64 (10% EtOAc–petrol); νmax (film) 2925, 2854, 1610, 1596, 1463, 1325, 1291, 1193, 1165, 1152, 
1069, 832, 697 cm−1; δH (300 MHz, CDCl3) [6.62 (1H, s), 6.59-6.50 (2H, m), 3×Ar-H], 3.80 (O-CH3), 2.55 
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(2H, t, J 7.5 Hz, Ar-CH2), 2.33 (3H, s, Ar-CH3), 1.80-1.18 (14H, m, 7×CH2), 0.90 (3H, t, J 6.5 Hz, CH2-CH3); δC 
(75 MHz, CDCl3) 159. 6 (4°), 144.5 (4°), 139.1 (4°), 121.8 (3°), 111.7 (3°), 111.1 (3°), 55.1 (O-CH3), [36.0, 
31.9, 31.5, 29.7, 29.6, 29.4, 29.4, 22.7, 21.6, 8×CH2 and Ar-CH3], 14.1 (CH2-CH3); m/z (CI), 249 [M+H]
+ 
(Found: [M+H]+, 249.22183. C17H29O requires [M+H]
+, 249.22184). 
4-Tosylheptane-2,6-dione 361 
 
General procedure A was followed on diene 350 (400 mg, 1.44 mmol) dissolved in a mixture of CH2Cl2 
(36 mL) and MeOH (9 mL). O3/O2 was bubbled through for 9 min and the crude was purified by column 
chromatography (20% EtOAc–petrol) giving 4-tosylheptane-2,6-dione 361 (338 mg, 83%) as a colourless 
gum; Rf 0.29 (50% EtOAc–petrol); νmax (film) 2924, 2852, 1720, 1597, 1414, 1363, 1288, 1205, 1145, 
1086, 995, 818, 729, 663, 590, 534 cm−1; δH (400 MHz, CDCl3) 7.77 (2H, d, J 8.5 Hz, ortho Ts), 7.38 (2H, d, 
J 8.5 Hz, meta Ts), 4.27-4.20 (1H, tt, J 7.5, 5.5 Hz, Ts-CH), [3.06 (2H, dd, J 17.5, 5.5 Hz), 2.68 (2H, dd, J 
17.5, 7.5 Hz), Ts-CH-CHH], 2.47 (3H, s, Ts CH3), 2.16 (6H, s, O=C-CH3); δC (101 MHz, CDCl3) 203.8 (C=O), 
145.3 (4°), 134.1 (4°), 130.0 (3°), 128.9 (3°), 55.7 (Ts-CH), 41.5 (CH2), 30.1 (O=C-CH3), 21.7 (Ts CH3); m/z 
(CI) 582, 300 [M+NH4]
+
 (Found: [M+NH4]
+, 300.1269. C14H18O4S requires [M+NH4]
+, 300.1270) (Found: C, 
59.42; H, 6.42. C14H18O4S requires C, 59.55; H, 6.43%).  
1,1’-(4-Methyl-1,3-phenylene)diethanone 362216 
 
The diketone 361 (236 mg, 0.832 mmol, 2 equiv), NaHCO3 (147 mg, 1.75 mmol, 4.2 equiv) and MeOH (5 
mL) were placed in a microwave vial and irradiated for 30 min at 100 °C. The mixture was partitioned 
between HCl(aq) (2 M, 15 mL) and CH2Cl2 (15 mL). The aqueous layer was then extracted with CH2Cl2 
(3×15 mL), the combined organic phases were dried (MgSO4) and the solvent evaporated in vacuo to a 
pale yellow oil. Purification by column chromatography (20% EtOAc–petrol) gave 1,1’-(4-methyl-1,3-
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phenylene)diethanone 362 (75 mg, 100%) as colourless needles (mp ~30 °C, EtOAc–petrol; lit.217 34 °C); 
Rf 0.59 (50% EtOAc–petrol); δH (400 MHz, CDCl3) 8.29 (1H, d, J 1.5 Hz, H-3), 7.93 (1H, dd, J 8.0, 1.5 Hz, H-
5), 7.35 (1H, d, J 8.0 Hz, H-6), [2.64 (3H, s), 2.63 (3H, s), 3×CH3C=O), 2.59 (3H, s, CH3-Ar); δC (101 MHz, 
CDCl3) [201.1, 196.8, C=O], 144.0 (4°), 137.9 (4°), 134.9 (4°), 132.4 (3°), 131.1 (3°), 128.9 (3°), [29.6, 26.5, 
21.7, 3×CH3]; m/z (CI) 194 [M+NH4]
+
 (Found: [M+NH4]
+, 194.1190. C11H12O2 requires [M+NH4]
+, 
194.1181); in agreement with previously reported spectroscopic data. 
2,6-Dimethylene-1,7-diphenyl-4-tosylheptane 365 
 
General procedure G was followed on diene 258 (460 mg, 0.941 mmol) in DMSO (1.27 mL) with H2O 
(25.0 μL) added. The crude brown oil was purified by column chromatography (10→20% EtOAc–petrol) 
affording 2,6-dimethylene-1,7-diphenyl-4-tosylheptane 365 (180 mg, 57%) as a pale brown oil; Rf 0.57 
(20% EtOAc–petrol); νmax (film) 3062, 3026, 2920, 1645, 1599, 1495, 1456, 1302, 1144, 1088, 1030, 901, 
816, 737, 702, 663, 573, 534 cm−1; δH (400 MHz, CDCl3) 7.68 (2H, d, J 8.5 Hz, ortho Ts), 7.33-7.19 (8H, m, 
meta Ts and meta and para Ph), 7.09 (4H, d, J 7.0 Hz, ortho Ph), 4.87 (2H, s, C=CHH), 4.84 (2H, s, C=CHH), 
4.40 (1H, tt, J 7.5, 5.5 Hz, Ts-CH), [3.30 (2H, d, J 15.0 Hz), 3.21 (2H, d, J 15.0 Hz), Ph-CHH], [2.56 (2H, dd, J 
15.0, 5.5 Hz), 2.22 (2H, dd, J 15.0, 7.5 Hz), Ts-CH-CHH], 2.48 (3H, s, Ts CH3); δC (101 MHz, CDCl3) 144.6 
(4°), 144.2 (4°), 138.7 (4°), 134.7 (4°), 129.7 (3°), 129.0 (2×3°), 128.5 (3°), 126.3 (3°), 115.2 (C=CH2), 60.4 
(Ts-C), 42.3 (Ph-CH2), 34.9 (Ts-CH-CH2), 21.7 (Ts CH3); m/z (ESI) 453 [M+Na]
+, 448 [M+NH4]
+, 431 [M+H]+ 
(Found: [M+H]+, 431.2035. C28H30O2S requires [M+H]
+, 431.2045). 
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1,7-Bis(benzyloxy)-2,6-dimethylene-4-tosylheptane 366 
 
General procedure G was followed on diene 255 (545 mg, 0.993 mmol) in DMSO (2 mL) with H2O (20.0 
μL) added. The crude brown oil was purified by column chromatography (10→20% EtOAc–petrol) 
affording 1,7-bis(benzyloxy)-2,6-dimethylene-4-tosylheptane 366 (324 mg, 66%) as a colourless oil; Rf 
0.28 (20% EtOAc–petrol); νmax (film) 3086, 3030, 2922, 2858, 1649, 1597, 1495, 1452, 1302, 1144, 1038, 
912, 816, 741, 698, 661, 580, 535 cm−1; δH (400 MHz, CDCl3) 7.71 (2H, d, J 8.5 Hz, ortho Ts), 7.42-7.23 
(12H, m, meta Ts and Ph), 5.08 (2H, s, C=HH), 4.98 (2H, s, C=HH), 4.38 (4H, d, J 2.5 Hz, Ph-CH2), 3.91 (4H, 
d, J 2.5 Hz, BnO-CH2), 3.63 (1H, tt, J 7.5, 5.5 Hz, Ts-CH), [2.68 (2H, dd, J 15.0, 5.5 Hz), 2.33 (2H, dd, J 15.0, 
7.5 Hz), Ts-CH-CHH], 2.43 (3H, s, Ts CH3); δC (101 MHz, CDCl3) 144.6 (4°), 141.7 (4°), 138.1 (4°),134.7 (4°), 
129.6 (3°), 129.0 (3°), 128.4 (3°), 127.7 (3°), 127.6 (3°), 115.7 (C=CH2), 72.6 (Ph-CH2-O), 72.1 (BnO-CH2), 
60.0 (Ts-CH), 32.9 (Ts-CH-CH2), 21.7 (Ts CH3); m/z (ESI) 513 [M+Na]
+, 508 [M+NH4]
+, 491 [M+H]+ (Found: 
[M+H]+, 491.2280. C30H34O4S requires [M+H]
+, 491.2256). 
1,7-Diphenyl-4-tosylheptane-2,6-dione 367 
O O
Ph Ph
Ts
Ph Ph
Ts
365 367  
General procedure A was followed on diene 365 (86.0 mg, 0.199 mmol) dissolved in a mixture of CH2Cl2 
(5.6 mL) and MeOH (1.4 mL). O3/O2 was bubbled through for 9 min and the crude was purified by 
column chromatography (10→50% EtOAc–petrol) giving 1,7-diphenyl-4-tosylheptane-2,6-dione 367 (68 
mg, 78%) as a yellow oil; Rf 0.48 (50% EtOAc–petrol); νmax (film) 3062, 3030, 2924, 1720, 1597, 1496, 
1459, 1356, 1290, 1146, 1084, 912, 816, 729, 702, 553 cm−1; δH (400 MHz, CDCl3) 7.72 (2H, d, J 8.5 Hz, 
ortho Ts), 7.42-7.17 (8H, m, meta Ts, meta and para Ph), 7.11 (4H, dd, J 7.5, 2.0 Hz, ortho Ph), 4.28-4.20 
(1H, m, Ts-CH), 3.67 (4H, s, Ph-CH2), [3.04 (2H, dd, J 17.5, 5.5 Hz), 2.63 (2H, dd, J 17.5, 7.5 Hz), Ts-CH-
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CH2)], 2.46 (3H, s, Ts CH3); δC (101 MHz, CDCl3) 203.5 (C=O), 145.2 (4°), 134.0 (4°), 133.2 (4°), 129.9 (3°), 
129.5 (3°), 128.8 (2×3°), 127.3 (3°), 55.7 (Ts-C), 50.0 (Ph-CH2), 39.8 (Ts-CH-CH2), 21.7 (Ts CH3); Unstable 
to MS. 
1,7-Bis(benzyloxy)-4-tosylheptane-2,6-dione 368 
 
General procedure A was followed on diene 366 (725 mg, 1.48 mmol) dissolved in a mixture of CH2Cl2 
(48 mL) and MeOH (12 mL). O3/O2 was bubbled through for 13 min and the crude was purified by 
column chromatography (10→40% EtOAc–petrol) giving 1,7-bis(benzyloxy)-4-tosylheptane-2,6-dione 
368 (516 mg, 70%) as a colourless solid (mp 66–67 °C, EtOAc–petrol); Rf 0.52 (50% EtOAc–petrol); νmax 
(film) 3062, 3032, 2906, 2868, 1728, 1597, 1496, 1454, 1402, 1346, 1302, 1146, 1086, 910, 818, 741, 
700, 559 cm−1; δH (400 MHz, CDCl3) 7.74 (2H, d, J 8.5 Hz, ortho Ts), 7.42-7.30 (12H, m, meta Ts and Ph), 
4.57 (4H, s, BnO-CH2), 4.36-4.28 (1H, m, Ts-CH), 4.04 (4H, Ph-CH2), [3.17 (2H, dd, J 17.5, 5.5 Hz), 2.74 (2H, 
dd, J 17.5, 7.5 Hz), 2×Ts-CH-CHH], 2.45 (3H, s, Ts CH3); δC (101 MHz, CDCl3) 204.7 (C=O), 145.3 (4°), 137.0 
(4°), 133.9 (4°), 130.0 (3°), 128.9 (3°), 128.6 (3°), 128.1 (3°), 128.0 (3°), [(74.8, 73.5), 2×O-CH2], 55.1 (Ts-
CH), 37.4 (Ts-CH-CH2), 21.7 (Ts CH3); m/z (ESI) 517 [M+Na]
+, 512 [M+NH4]
+ (Found: [M+NH4]
+, 512.2101. 
C28H30O6S requires [M+NH4]
+, 512.2107). 
1,1’-(4-(Benzyloxymethyl)-1,3-phenylene)bis(2-(benzyloxy)ethanone 370 
 
The diketone 368 (150 mg, 0.303 mmol, 2 equiv), NaHCO3 (53.5 mg, 0.637 mmol, 4.2 equiv) and MeOH 
(2 mL) were placed in a microwave vial and irradiated for 30 min at 100 °C. The mixture was partitioned 
between HCl(aq) (2 M, 5 mL) and CH2Cl2 (5 mL). The aqueous layer was then extracted with CH2Cl2 (3×5 
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mL), the combined organic phases dried (MgSO4) and the solvent evaporated in vacuo to give a pale 
yellow oil. Purification by column chromatography (20% EtOAc–petrol) gave 1,1’-(4-(benzyloxymethyl)-
1,3-phenylene)bis(2-(benzyloxy)ethanone 370 (29.4 mg, 39%) as a pale yellow oil; Rf 0.48 (20% EtOAc–
petrol); νmax (film) 3062, 3030, 2862, 1701, 1604, 1496, 1452, 1363, 1209, 1115, 1028, 835, 739, 698 
cm−1; δH (400 MHz, CDCl3) 8.20 (1H, d, J 1.5 Hz, H-2), 8.04 (1H, dd, J 8.5, 2.0 Hz, H-6), 7.82 (1H, d, J 8.0 Hz, 
H-5), 7.41-7.30 (15H, m, Ph), [4.89 (2H, s), 4.73 (2H, s), 4.69 (2H, s), 4.63 (2H, s), 4.62 (2H, s), 6×O-CH2]; 
δC (101 MHz, CDCl3) 199.7 (C=O), 195.4 (C=O), 137.7 (4°), 137.0 (4°), 137.0 (4°), 134.6 (4°), 133.5 (4°), 
131.2 (4°), [128.6, 128.5, 128.5, 128.3, 128.1, 128.1, 128.0, 127.9, 127.8, 127.8, 12×3° (2 obscured)], 
[(73.8, 73.5, 73.4, 73.2, 72.8, 70.0), 6×O-CH2]; m/z (ESI) 517 [M+Na]
+, 512 [M+NH4]
+, 495 [M+H]+, 387 
(Found: [M+Na]+, 517.2000. C32H30O5 requires [M+Na]
+, 517.1991). 
Methyl 3-(ethylamino)-5-methylbenzoate 37697 
 
Diketone 205 (160 mg, 0.470 mmol, 1 equiv) and methanolic ethylamine solution (2 M, 3 mL) were 
added to a microwave vial and irradiated (100 °C, 10 min). The solution turned a dark brown colour. The 
solvent was removed in vacuo and the crude brown oil purified by column chromatography (20% EtOAc–
petrol) affording methyl 3-(ethylamino)-5-methylbenzoate 376 (7.70 mg, 8%) as a pale yellow oil; Rf 0.38 
(50% EtOAc–petrol); δH (300 MHz, CDCl3) 7.22 (1H, s, H-4), 7.11 (1H, s, H-2), 6.64 (1H, s, H-6), 3.90 (3H, s, 
O-CH3), 3.20 (2H, q, J 7.0 Hz, CH2-CH3), 2.33 (3H, s, Ar-CH3), 1.59 (1H, brs, N-H), 1.28 (3H, t, J 7.0 Hz, CH2-
CH3); δC (75 MHz, CDCl3) 168.0 (C=O), 148.3 (C-1), 139.5 (C-5), 131.3 (C-3), 120.1 (C-4), 118.8 (C-6), 111.4 
(C-2), 52.4 (O-CH3), 39.2 (NH-CH2), 21.8 (Ar-CH3), 15.1 (CH2-CH3); in agreement with previously reported 
spectroscopic data.  
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Methyl 3-(diethylamino)-5-methylbenzoate 377 
 
Diketone 205 (160 mg, 0.470 mmol, 1 equiv) was dissolved in MeOH (3 mL). Diethylamine (0.389 mL, 
3.76 mmol, 8 equiv) was added and the mixture stirred at rt. The solution immediately turned a dark 
orange colour. After stirring for 22 h the starting material was consumed. HCl(aq) (2 M, 10 mL) was added 
and the mixture was extracted with Et2O (3×10 mL). The combined organic phases were dried (MgSO4) 
and the solvent evaporated in vacuo leaving an orange oil. This was purified by column chromatography 
(20% EtOAc–petrol) yielding the phenol 206 (22.6 mg, 29%) as pale yellow crystals (data as previously 
reported). The aqueous layer from the previous extraction was neutralised by adding sat. NaHCO3(aq) 
(~25 mL). This was then extracted with Et2O (2×10 mL) and EtOAc (2×10 mL). These combined organic 
layers were then dried (MgSO4) and the solvent evaporated in vacuo leaving an orange oil. This was 
purified by column chromatography (20% EtOAc–petrol) isolating methyl 3-(diethylamino)-5-
methylbenzoate 377 (11.6 mg, 11%) as a yellow oil; Rf 0.70 (50% EtOAc–petrol); νmax (film) 2924, 2854, 
1728, 1645, 1601, 1462, 1377, 1298, 1259, 1246, 1200, 1119, 1074, 1043, 908, 802, 768, 721, 669 cm−1; 
δH (300 MHz, CDCl3) 7.18 (1H, s, H-2 or H-4), 7.15 (1H, s, H-2 or H-4), 6.68 (1H, s, H-6), 3.91 (3H, s, O-
CH3), 3.39 (4H, q, J 7.0 Hz, CH2), 2.35 (3H, s, Ar-CH3), 1.18 (6H, t, J 7.0 Hz, CH2-CH3); δC (75 MHz, CDCl3) 
168.1 (C=O), 147.8 (4°), 139.0 (4°), 130.9 (4°), 117.3 (3°), 116.8 (3°), 110.1 (3°), 52.0 (O-CH3), 44.4 (CH2), 
21.9 (Ar-CH3), 12.6 (CH2-CH3); m/z (CI) 222 [M+H]
+, 206 (Found: [M+H]+, 222.1497. C13H19NO2 requires 
[M+H]+, 222.1494). 
Methyl 3-(cyclohexylamino)-5-methylbenzoate 378 
 
Diketone 205 (160 mg, 0.470 mmol, 1 equiv) was dissolved in MeOH (3 mL). Cyclohexylamine (0.430 mL, 
3.76 mmol, 8 equiv) was added and the mixture stirred at rt. The solution turned yellow and darkened 
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to orange in a few seconds. After stirring for 22 h the starting material was consumed. HCl(aq) (2 M, 10 
mL) was added and mixture was extracted with EtOAc (3×10 mL). The aqueous layer was then 
neutralised by adding sat. NaHCO3(aq) (~25 mL). This was then extracted with EtOAc (3×10 mL). The 
combined organic layers were then dried (MgSO4) and the solvent evaporated in vacuo leaving an 
orange oil. Purification by column chromatography (20% EtOAc–petrol) gave methyl 3-
(cyclohexylamino)-5-methylbenzoate 378 (12.7 mg, 11%) as a yellow oil; Rf 0.77 (50% EtOAc–petrol); δH 
(300 MHz, CDCl3) 7.20 (1H, s, H-6), 7.11 (1H, s, H-2), 6.64 (1H, s, H-4), 3.90 (3H, s, O-CH3), 3.38-3.20 (1H, 
m, Ar-NH-CH), 2.32 (3H, s, Ar-CH3), 2.05-0.85 (10H, m, 5×cyclohexyl CH2). 
Methyl 2,6-dimethylisonicotinate 38098 
 
Diketone 205 (160 mg, 0.470 mmol, 1 equiv), ammonium bicarbonate (297 mg, 3.76 mmol, 8 equiv) and 
MeOH (3 mL) were added to a microwave vial. The mixture was irradiated at 100 °C for 10 min. The 
mixture turned from colourless to a pale brown. The mixture was poured into H2O (20 mL) and extracted 
with EtOAc (3×10 mL). The combined organic phases were dried (MgSO4) and the solvent evaporated in 
vacuo giving methyl 2,6-dimethylisonicotinate 380 (74.6 mg, 96%) as pale brown needles (mp ~37 °C, 
MeOH; lit.218 45 °C); Rf 0.45 (50% EtOAc–petrol); δH (300 MHz, CDCl3) 7.49 (2H, s, Ar-H), 3.92 (3H, s, O-
CH3), 2.57 (6H, s, Ar-CH3); δC (75 MHz, CDCl3) 166.1 (C=O), 158.8 (C-N), 137.9 (C-C=O), 119.5 (C-3 and C-
5), 52.5 (O-CH3), 24.4 (Ar-CH3); in agreement with previously reported spectroscopic data.  
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3.9. Electrophile 467 Synthesis 
 
tert-Butyl(2-iodoethoxy)dimethylsilane 469219 
 
To a stirred solution of 2-iodoethanol 470 (22.0 g, 128 mmol, 1 equiv) in CH2Cl2 (150 mL), imidazole (13.1 
g, 192 mmol, 1.5 equiv) was added followed by tBuMe2SiCl (21.2 g, 141 mmol, 1.1 equiv). The solution 
warmed slightly and a white precipitate was formed. The solution was stirred at rt for 17 h then washed 
with H2O (2×150 mL) and sat. NaCl(aq) (100 mL). The organic layer was then dried (Na2SO4) and the 
solvent evaporated in vacuo leaving tert-butyl(2-iodoethoxy)dimethylsilane 469 (36.2 g, 99%) as a 
colourless liquid; νmax (film) 2954, 2929, 2885, 2856, 1471, 1431, 1401, 1388, 1361, 1277, 1255, 1190, 
1167, 1122, 1086, 999, 939, 839, 777, 712, 667 cm−1; δH (300 MHz, CDCl3) 3.84 (2H, t, J 7.0 Hz, O-CH2), 
3.20 (2H, t, J 7.0 Hz, I-CH2), 0.91 (9H, s, 
tBu), 0.09 (6H, s, Si-CH3); δC (101 MHz, CDCl3) 66.2 (O-CH2), 27.6 
(tBu CH3), 20.0 (
tBu C), 8.7 (I-CH2), −3.4 (Si-CH3); in agreement with previously reported spectroscopic 
data. 
(±)-5-(4-Methoxybenzyloxy)-3-methylpentan-1-ol 474 
 
To a suspension of pre-washed sodium hydride (60% in mineral oil, 8.51 g, 213 mmol, 2.2 equiv) in THF 
(150 mL) at 0 °C a solution of the diol 473 (111 g, 937 mmol, 9.68 equiv) in THF (100 mL) was added 
cautiously over 30 min. The mixture was heated at 70 °C for 1 h then Bu4NI (1.79 g, 5 mol%) and PMB-Cl 
(15.2 g, 96.8 mmol, 1 equiv) were added and the mixture stirred at 70 °C for 16 h. The reaction was 
allowed to cool to rt, then quenched with H2O (150 mL). The volatiles were removed in vacuo and the 
residue diluted with CH2Cl2 (300 mL) and H2O (500 mL). The aqueous layer was extracted with CH2Cl2 
(3×300 mL) and the combined organic phases washed with H2O (3×300 mL), dried (MgSO4) and the 
solvent evaporated in vacuo giving 5-(4-methoxybenzyloxy)-3-methylpentan-1-ol 474 (23.6 g, 99%) as a 
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yellow oil; Rf 0.40 (20% EtOAc–petrol); νmax (film) 3408, 2931, 2870, 1612, 1585, 1512, 1462, 1365, 1302, 
1246, 1174, 1091, 1036, 822, 735, 580, 519 cm−1; δH (400 MHz, CDCl3) 7.27 (2H, d, J 8.5 Hz, meta Ar), 
6.89 (2H, d, J 8.5 Hz, ortho Ar), 4.44 (2H, s, Ar-CH2), 3.81 (3H, s, O-CH3), 3.71-3.60 (2H, m, HO-CH2), 3.55-
3.45 (2H, m, PMBO-CH2), 1.88 (1H, brs, OH), 1.78-1.38 (5H, m, CH3-CH and 2×CH-CH2), 0.92 (3H, d, J 6.5 
Hz, CH3-CH); δC (101 MHz, CDCl3) 159.1 (4°), 130.6 (4°), 129.3 (3°), 113.8 (3°), 72.6 (Ar-CH2), 68.2 (PMBO-
CH2), 60.8 (HO-CH2), 55.3 (O-CH3), [39.9, 36.6, 26.8, 2×CH2 and CH3-CH], 19.9 (CH-CH3); m/z (CI) 496, 376, 
256 [M+NH4]
+, 241, 138, 121 [PMB]+ (Found: [M+NH4]
+, 256.1906. C14H22O3 requires [M+NH4]
+, 
256.1913) (Found: C, 70.41; H, 9.29. C14H22O3 requires C, 70.56; H, 9.30%). 
(±)-5-(4-Methoxybenzyloxy)-3-methylpentanal 475 
 
Oxalyl chloride (7.78 mL, 90. 6 mmol, 1.2 equiv) was dissolved in CH2Cl2 (180 mL) at −78 °C. DMSO (12.9 
mL, 181 mmol, 2.4 equiv) was added and the mixture stirred for 40 min. The alcohol 474 (18.0 g, 75.5 
mmol, 1 equiv, pre-cooled to −78 °C) was added in CH2Cl2 (360 mL) via canula over 20 min. The mixture 
was stirred for 1 h then triethylamine (52.6 mL, 378 mmol, 5 equiv) was added and the mixture stirred at 
−78 °C for 80 min. The reaction was quenched with sat. NH4Cl(aq) (900 mL), then extracted with CH2Cl2 
(3×180 mL). The combined organic phases were washed with H2O (2×900 mL), dried (Na2SO4) and the 
solvent evaporated in vacuo to give (±)-5-(4-methoxybenzyloxy)-3-methylpentanal 475 (17.5 g, 98%) as a 
yellow liquid; Rf 0.30 (20% EtOAc–petrol); νmax (film) 2929, 2862, 1722, 1612, 1512, 1462, 1365, 1302, 
1246, 1174, 1093, 1034, 822, 756, 708, 572 cm−1; δH (400 MHz, CDCl3) 9.71 (1H, t, J 1.5 Hz, H-C=O), 7.24 
(2H, d, J 8.5 Hz, meta Ar), 6.87 (2H, d, J 8.5 Hz, ortho Ar), 4.41 (2H, s, Ar-CH2), 3.78 (3H, s, O-CH3), 3.48 
(2H, t, J 6.5 Hz, PMB-O-CH2), 2.45-2.37 (1H, m, CH3-CH), 2.30-2.16 (2H, m, O=C-CH2), 1.67-1.50 (2H, m, 
PMB-OCH2CH2), 0.96 (3H, d, J 6.5 Hz, CH-CH3); δC (101 MHz, CDCl3) 202.7 (C=O), 159.2 (4°), 130.5 (4°), 
129.2 (3°), 113.8 (3°), 72.6 (Ar-CH2), 67.6 (PMBO-CH2), 55.2 (O-CH3), 50.9 (O=CH-CH2), 36.5 (PMBO-CH2-
CH2), 25.4 (CH3-CH), 20.1 (CH3-CH); m/z (CI) 494, 374, 289, 254 [M+NH4]
+, 235, 121 [PMB]+ (Found: 
[M+NH4]
+, 254.1752. C14H20O3 requires [M+NH4]
+, 254.1756) (Found: C, 71.08; H, 8.48. C14H20O3 requires 
C, 71.16; H, 8.53%). 
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(±)-5-(4-Methoxybenzyloxy)-3-methyl-2-methylenepentan-1-ol 476 
  
To the stirred aldehyde 475 (17.14 g, 72.5 mmol, 1 equiv), iPrOH (7.25 mL) and formaldehyde(aq) (37% by 
wt, 5.43 mL, 72.5 mmol, 1 equiv), propionic acid (0.541 mL, 10 mol%) and pyrrolidine (0.605 mL, 10 
mol%) were added. The mixture was heated at 45 °C for 17 h. The crude enal containing solution was 
diluted with MeOH (150 mL) and CaCl2 (8.05 g, 72.5 mmol, 1 equiv) added. The mixture was then stirred 
for 10 min at -5 °C, followed by addition of NaBH4 (4.07 g, 109 mmol, 1.5 equiv) portionwise over 30 
min. The effervescing suspension was stirred at −5 °C for 1 h then at rt for 1 h. A mixture of CH2Cl2 (300 
mL) and HCl(aq) (2 M, 300 mL) was added. The aqueous layer was extracted with CH2Cl2 (3×100 mL) then 
the combined organic phases were dried (MgSO4) and the solvent removed in vacuo to give a yellow 
liquid. Purification by column chromatography (20% EtOAc–petrol) gave (±)-5-(4-methoxybenzyloxy)-3-
methyl-2-methylenepentan-1-ol 476 (13.9 g, 77%) as a colourless oil; Rf 0.14 (20% EtOAc–petrol); νmax 
(film) 3411, 2959, 2931, 2866, 1649, 1612, 1585, 1514, 1462, 1363, 1302, 1248, 1174, 1092, 1034, 899, 
822, 758, 710, 580 cm−1; δH (400 MHz, CDCl3) 7.25 (2H, d, J 8.5 Hz, meta Ar), 6.88 (2H, d, J 8.5 Hz, ortho 
Ar), 5.05 (1H, s, C=CHH), 4.89 (1H, C=CHH), 4.41 (2H, s, Ar-CH2), 4.07 (2H, s, HO-CH2), 3.80 (3H, s, O-CH3), 
3.47 (2H, t, J 6.5 Hz, PMBO-CH2), 2.49 (1H, brs, OH), 2.41-2.32 (1H, m, CH3-CH), 1.84-1.73 (1H, m, PMBO-
CH2-CHH), 1.71-1.61 (1H, m, PMBO-CH2-CHH), 1.07 (3H, d, J 7.0 Hz, CH3-CH); δC (101 MHz, CDCl3) 159.2 
(4°), 153.4 (4°), 130.4 (4°), 129.4 (3°), 113.8 (3°), 108.6 (C=CH2), 72.6 (Ar-CH2), 68.3 (PMBO-CH2), 64.6 
(HO-CH2), 55.3 (O-CH3), [35.6, 34.0, PMBO-CH2-CH2 and CH3-CH], 20.3 (CH-CH3); m/z (CI) 388, 268 
[M+NH4]
+, 233, 138, 121 [PMB]+ (Found: [M+NH4]
+, 268.1915. C15H22O3 requires [M+NH4]
+, 268.1913) 
(Found: C, 72.07; H, 8.81. C15H22O3 requires C, 71.97; H, 8.86%). 
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(±)-1-((4-(Benzyloxymethyl)-3-methylpent-4-enyloxy)methyl)-4-methoxybenzene 477 
PMBO OBnPMBO OH
476 477
 
To sodium hydride (60% in mineral oil, 2.30 g, 57.5 mmol, 1.2 equiv) in DMF (10 mL) the alcohol 476 
(12.0 g, 47.9 mmol, 1 equiv) was added in DMF (200 mL) at 0 °C over 20 min. The suspension was then 
stirred at rt for 1 h, then benzyl bromide (8.55 mL, 71.9 mmol, 1.5 equiv) was added and the mixture 
stirred for 4 h. The mixture was then partitioned between Et2O (300 mL) and HCl(aq) (2 M, 300 mL). The 
aqueous layer was extracted with Et2O (3×100 mL), the combined organic phases were dried (MgSO4) 
and the solvent evaporated in vacuo to give an orange oil. Purification by column chromatography (10% 
EtOAc–petrol) gave (±)-1-((4-(benzyloxymethyl)-3-methylpent-4-enyloxy)methyl)-4-methoxybenzene 
477 (12.9 g, 79%) as a colourless oil; Rf 0.54 (20% EtOAc–petrol); νmax (film) 2956, 2931, 2856, 1612, 
1512, 1454, 1361, 1302, 1248, 1173, 1093, 1036, 904, 822, 737, 698, 577, 505 cm−1; δH (400 MHz, CDCl3) 
7.44-7.27 (7H, m, Ph and meta PMP included at 7.30 [2H, d, J 8.5 Hz]), 6.92 (2H, d, J 8.5 Hz, ortho PMP), 
5.18 (1H, s, C=CHH), 5.02 (1H, s, C=CHH), 4.56 (2H, s, Ph-CH2), 4.46 (2H, s, PMP-CH2), 4.05 (2H, s, BnO-
CH2), 3.84 (3H, s, O-CH3), 3.52 (2H, t, J 6.5 Hz, PMBO-CH2), 2.51-2.42 (1H, m, CH3-CH), 1.93-1.83 (1H, m, 
PMBO-CH2-CHH), 1.75-1.66 (1H, m, PMBO-CH2-CHH), 1.14 (3H, d, J 7.0 Hz, CH3-CH); δC (101 MHz, CDCl3) 
159.2 (4°), 150.3 (4°), 138.5 (4°), 130.8 (4°), 129.3 (3°), 128.4 (3°), 127.7 (3°), 127.6 (3°), 113.8 (3°), 110.6 
(C=CH2), [72.6, 72.1, 72.1, 2×Ar-CH2 and CH2=C-CH2-O], 68.3 (PMBO-CH2), 55.3 (O-CH3), [35.5, 33.8, CH3-
CH and PMBO-CH2-CH2], 20.1 (CH3-CH); m/z (CI) 358 [M+NH4]
+, 341 [M+H]+, 323, 295, 250, 233, 154, 138, 
121 [PMB]+ (Found: [M+H]+, 341.2115. C22H28O3 requires [M+H]
+, 341.2117). 
(±)-4-(Benzyloxymethyl)-3-methylpent-4-en-1-ol rac-478 
PMBO OBn HO OBn
477 rac-478
 
To a solution of alcohol 477 (11.7 g, 34.4 mmol, 1 equiv) in a mixture of acetone (350 mL) and H2O (40 
mL) at 0 °C, CAN (37.7 g, 68.8 mmol, 2 equiv) was added portionwise over 30 min and the mixture 
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stirred at rt for 30 min. A further amount of CAN was added (37.7 g, 68.8 mmol, 2 equiv) and stirring 
continued for a further 1 h. The reaction mixture was then partitioned between CH2Cl2 (800 mL) and H2O 
(800 mL). The organic phase was then washed with H2O (2×800 mL), sat. NH4Cl(aq) (800 mL), dried 
(MgSO4) and the solvent evaporated in vacuo giving an orange liquid. Purification by column 
chromatography gave (±)-4-(benzyloxymethyl)-3-methylpent-4-en-1-ol rac-478 (2.98 g, 39%) as a pale 
yellow liquid; Rf 0.12 (20% EtOAc–petrol); νmax (film) 3392, 3064, 3030, 2960, 2931, 2871, 1649, 1454, 
1367, 1257, 1205, 1072, 906, 737, 698 cm−1; δH (400 MHz, CDCl3) 7.41-7.26 (5H, m, Ph), 5.15 (1H, s, 
C=CHH), 5.01 (1H, s, C=CHH), 4.54 (2H, s, CH2-Ph), 4.02 (2H, s, BnO-CH2), 3.71-3.57 (2H, m, HO-CH2), 
2.48-2.39 (1H, m, CH3-CH), 2.06 (1H, brs, OH), 1.77-1.61 (2H, m, HO-CH2-CH2), 1.11 (3H, d, J 7.0 Hz, CH3-
CH); δC (101 MHz, CDCl3) 150.3 (4°), 138.1 (4°), 128.4 (3°), 127.8 (3°), 127.7 (3°), 111.6 (C=CH2), [72.7, 
72.4, Ph-CH2-O-CH2] 60.9 (HO-CH2), 38.7 (HO-CH2-CH2), 33.4 (CH3-CH), 20.6 (CH3-CH); m/z (CI) 238 
[M+NH4]
+, 221 [M+H]+ (Found: [M+H]+, 221.1548. C14H20O2 requires [M+H]
+, 221.1542). 
(S)-Citronellal 484220 
 
Oxalyl chloride (15.4 mL, 179 mmol, 1.4 equiv) was dissolved in CH2Cl2 (305 mL) at −78 °C. DMSO (21.8 
mL, 307 mmol, 2.4 equiv) was added and the mixture stirred for 75 min. The alcohol 483 (20.0 g, 128 
mmol, 1 equiv, pre-cooled to −78 °C) was added in CH2Cl2 (610 mL) via canula over 45 min. The mixture 
was stirred for 45 min then triethylamine (83.4 mL, 640 mmol, 5 equiv) was added and the mixture 
stirred at −78 °C for 90 min. The reaction was quenched with sat. NH4Cl(aq) (1 L), then extracted with 
CH2Cl2 (3×300 mL). The combined organic phases were washed with H2O (300 mL), dried (Na2SO4) and 
the solvent evaporated in vacuo to give the crude aldehyde. Purification by distillation under reduced 
pressure gave pure (S)-citronellal 484 (17.1 g, 87%) as a pale yellow liquid; Rf 0.67 (20% EtOAc–petrol); 
[α]D
21 -13 (c 1.0, CHCl3); lit.
221 [α]D
24 -16.2 (c 1.0, CHCl3); δH (400 MHz, CDCl3) 9.69 (1H, t, J 2.5 Hz, O=C-H), 
5.03 (1H, m, C=CH), [2.35 (1H, ddd, J 16.0, 6.0, 2.5 Hz), 2.17 (1H, ddd, J 16.0, 8.0, 2.5 Hz), O=C-CHH], 
2.09-1.87 (3H, m, C=CH-CH2 and CH3-CH), 1.63 (3H, d, J 1.0 Hz, cis-CH=C-CH3), 1.55 (3H, s, trans-CH=C-
CH3), 1.36-1.17 (2H, m, C=CH-CH2-CH2), 0.92 (3H, d, J 7.0 Hz, CH-CH3); δC (101 MHz, CDCl3) 202.7 (C=O), 
131.5 (C=CH), 124.0 (C=CH), 50.9 (O=C-CH2), 36.9 (C=CH-CH2-CH2), 27.7 (CH3-CH), 25.6 (trans-CH3-C=CH), 
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25.3 (C=CH-CH2), 19.8 (CH3-CH), 17.5 (cis-CH3-C=CH); in agreement with previously reported 
spectroscopic data. 
(S)-3,7-dimethyl-2-methyleneoct-6-en-1-ol 485 
 
To the stirred aldehyde 484 (15.0 g, 97.2 mmol, 1 equiv), iPrOH (9.72 mL) and formaldehyde(aq) (37% by 
wt, 7.29 mL, 97.2 mmol, 1 equiv), propionic acid (0.725 mL, 10 mol%) and pyrrolidine (0.812 mL, 10 
mol%) were added. The mixture was heated at 45 °C for 4 h. The crude enal containing solution was 
diluted with MeOH (150 mL) and CaCl2 (10.8 g, 97.2 mmol, 1 equiv) was added. The mixture was then 
stirred for 10 min at 0 °C, followed by addition of NaBH4 (5.52 g, 146 mmol, 1.5 equiv) portionwise over 
1 h. The effervescing suspension was stirred for a further 1 h at rt. The mixture was then poured 
carefully into a mixture of HCl(aq) (2 M, 600 mL) and CH2Cl2 (300 mL). The aqueous layer was extracted 
with CH2Cl2 (3×300 mL) then the combined organic phases were dried (MgSO4) and the solvent removed 
in vacuo to give (S)-3,7-dimethyl-2-methyleneoct-6-en-1-ol 485 (14.4 g, 88%) as a colourless oil; Rf 0.13 
(5% EtOAc–petrol); [α]D
21 +12 (c 1.0, CHCl3), lit.
222 [α]D
19 +19 (c 4.19, hexane); δH (400 MHz, CDCl3) 5.10 
(1H, t, J 7.5 Hz, C=CH), 5.06 (1H, s, C=CHH), 4.89 (1H, s, C=CHH), 4.10 (2H, s, O-CH2), 2.18 (1H, sextet, J 
7.0 Hz, CH3-CH), 1.96 (2H, q, J 7.5 Hz, C=CH-CH2), 1.69 (3H, s, cis-C=C-CH3), 1.60 (3H, s, trans-C=C-CH3), 
[1.56-1.42 (1H, m), 1.42-1.30 (1H, m), CH3-CH-CH2], 1.07 (3H, d, J 7.0 Hz, CH-CH3); δC (101 MHz, CDCl3) 
153.9 (4°), 131.5 (4°), 124.5 (C=CH), 107.8 (C=CH2), 64.6 (O-CH2), [36.5, 35.8, CH3-CH and C=CH-CH2-CH2], 
[25.9, 25.7, C=C-CH2 and trans-CH3-C=CH], 20.1 (CH3-CH), 17.7 (cis-CH3-C=CH); m/z (CI) 380, 366, 212, 
186 [M+NH4]
+, 151 (Found: [M+NH4]
+, 186.1856. C11H20O requires [M+NH4]
+, 186.1858); in agreement 
with previously reported spectroscopic data for the enantiomer.223 
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(S)-((3,7-Dimethyl-2-methyleneoct-6-enyloxy)methyl)benzene 486 
 
To pre-washed sodium hydride (60% in mineral oil, 2.38 g, 59.4 mmol, 1 equiv) a solution of the allyl 
alcohol 485 (10.0 g, 59.4 mmol, 1 equiv) in THF (119 mL) was added. The mixture was heated under 
reflux for 3 h forming a pale yellow solution. The solution was allowed to cool to rt then benzyl bromide 
(7.11 mL, 59.4 mmol, 1 equiv) was added and the reaction stirred for 14 h at rt then under reflux for 7 h. 
The mixture was then poured into HCl(aq) (2 M, 200 mL) and extracted with Et2O (3×100 mL). The 
combined organic phases were then washed with H2O (300 mL) and sat. NaCl(aq) (200 mL), dried (MgSO4) 
and the solvent evaporated in vacuo to give crude (S)-((3,7-dimethyl-2-methyleneoct-6-
enyloxy)methyl)benzene 486 (15.8 g, contaminated with BnBr) which was used portionwise crude in 
subsequent reactions (yields reported later over 2 steps [data for a pure sample]); Rf 0.67 (5% EtOAc–
petrol); [α]D
21 +9 (c 1.0, CHCl3); νmax (film) 2962, 2916, 2856, 1705, 1649, 1496, 1454, 1377, 1263, 1203, 
1095, 1074, 1028, 904, 829, 735, 696, 606 cm−1; δH (400 MHz, CDCl3) 7.45-7.28 (5H, m, Ph), 5.16-5.11 
(2H, m, C=CHH and C=CH), 4.98 (1H, brs, C=CHH), 4.54 (2H, s, Ph-CH2), 4.02 (2H, s, BnO-CH2), 2.26 (1H, 
sextet, J 7.0 Hz, CH3-CH), 1.98 (2H, q, J 7.5 Hz, C=CH-CH2), 1.71 (3H, s, cis-C=C-CH3), 1.61 (3H, s, trans-
C=C-CH3), [1.61-1.49 (1H, m), 1.42-1.31 (1H, m), CH3-CH-CH2], 1.09 (3H, d, J 7.0 Hz, CH-CH3); δC (101 MHz, 
CDCl3) 150.7 (C=CH2), 138.5 (ipso Ph), 131.4 (CH=C), 128.4 (3°), 127.6 (3°), 127.5 (para Ph), 124.6 (CH=C), 
110.3 (C=CH2), [72.2, 72.0, 2×O-CH2], [36.5, 35.7, CH3-CH-CH2], [25.9, 25.7, trans-CH3-C=CH and C=CH-
CH2], 19.9 (CH3-CH), 17.7 (cis-CH3-C=CH); m/z (CI) 276 [M+NH4]
+, 259 [M+H]+ (Found: [M+H]+, 259.2057. 
C18H26O requires [M+H]
+, 259.2062). 
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(S)-5-(Benzyloxymethyl)-4-methylhex-5-enal 487 
 
**NOTE: Any traces of residual ozonide could result in explosion. It is recommended that a reducing 
agent is used and a starch-iodide test performed to confirm the absence of peroxides** 
The impure diene 486 (5.00 g) was dissolved in CH2Cl2 (500 mL) and cooled to −78 °C. A mixture O3/O2 
was bubbled through for 55 min (using the lowest power settings on the ozone generator) monitoring 
the reaction by TLC until the starting material was consumed. The reaction was then allowed to warm to 
rt, stirred for 4 h, then the solvent evaporated in vacuo (see note above). The crude liquid was purified 
by column chromatography (5→20% EtOAc–petrol) giving (S)-5-(benzyloxymethyl)-4-methylhex-5-enal 
487 (2.28 g, 52% over 2 steps from 485) as a colourless liquid; Rf 0.60 (20% EtOAc–petrol); [α]D
21 +9 (c 
1.0, CHCl3); νmax (film) 3032, 2960, 2931, 2870, 2721, 1724, 1648, 1496, 1454, 1365, 1250, 1203, 1095, 
1028, 908, 739, 698, 606 cm−1; δH (400 MHz, CDCl3) 9.76 (1H, t, J 1.5 Hz, O=C-H), 7.40-7.28 (5H, m, Ph), 
5.16 (1H, s, C=CHH), 4.98 (1H, s, C=CHH), 4.53 (2H, s, Ph-CH2), 3.99 (2H, s, BnO-CH2), 2.44 (2H, td, J 7.5, 
1.5 Hz, O=C-CH2), 2.35-2.24 (1H, m, CH3-CH), 1.87-1.61 (2H, m, CH3-CH-CH2), 1.10 (3H, d, J 7.0 Hz, CH3); δ-
C (101 MHz, CDCl3) 202.6 (C=O), 149.4 (C=CH2), 138.3 (ipso Ph), 128.4 (3°), 127.6 (3°), 127.6 (3°), 111.7 
(C=CH2), [72.2, 72.0, 2×O-CH2], 41.9 (O=C-CH2), [36.4, 27.4, CH3-CH-CH2] 19.8 (CH3); m/z (CI) 250 
[M+NH4]
+, 142, 125, 108 (Found: [M+NH4]
+, 250.1805. C15H20O2 requires [M+NH4]
+, 250.1807) (Found: C, 
77.43; H, 8.52. C15H20O2 requires C, 77.55; H, 8.68%). 
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(S)-5-(Benzyloxymethyl)-4-methylhex-5-enoic acid 489 
 
Method 1 
 
The aldehyde 487 (1.00 g, 4.30 mmol, 1 equiv) was dissolved in acetone and cooled to 0 °C. Jones’ 
reagent (made by the general procedure using 453 mg, 4.52 mmol, 1.05 equiv CrO3) was added over 10 
min turning the colourless solution pale yellow with suspended green solid. The mixture was stirred at rt 
for 20 min then quenched with iPrOH (2 mL). The acetone was evaporated in vacuo and the residue 
dissolved in H2O (100 mL) and extracted with Et2O (3×50 mL). The combined organic phases were dried 
(Na2SO4) and the solvent evaporated in vacuo to give (S)-5-(benzyloxymethyl)-4-methylhex-5-enoic acid 
489 (1.00 g, 94%) as a colourless oil; Rf 0.13 (20% EtOAc–petrol); [α]D
21 +7 (c 1.0, CHCl3); νmax (film) 3087, 
3032, 2962, 2931, 2871, 1709, 1454, 1413, 1276, 1209, 1173, 1093, 1074, 1028 98, 737, 698 cm−1; δH 
(400 MHz, CDCl3) 10.75 (1H, brs, CO2-H) 7.40-7.29 (5H, m, Ph), 5.17 (1H, d, J 1.5 Hz, C=CHH), 5.00 (1H, s, 
C=CHH), 4.54 (2H, s, Ph-CH2), 4.01 (2H, s, BnO-CH2), 2.41-2.28 (3H, m, O=C-CH2 and CH3-CH), 1.91-1.67 
(2H, m, CH3-CH-CH2), 1.11 (3H, d, J 7.0 Hz, CH3); δC (101 MHz, CDCl3) 179.7 (C=O), 149.3 (C=CH2), 138.3 
(ipso Ph), 128.4 (3°), 127.7 (3°), 127.6 (para Ph), 111.6 (C=CH2), [72.2, 72.0, 2×O-CH2], [36.3, 31.8, 30.1, 
CH3-CH-CH2-CH2], 19.7 (CH3); m/z (CI) 266 [M+NH4]
+, 249 [M+H]+ (Found: [M+H]+, 249.1482. C15H20O3 
requires [M+H]+, 249.1491) (Found: C, 72.60; H, 8.15. C15H20O3 requires C, 72.55; H, 8.12%). 
Method 2 
 
The impure diene 486 (4.00 g, 15.5 mmol, 1 equiv [based it being pure]) was dissolved in acetone (400 
mL) and cooled to −78 °C. A mixture of O3/O2 was bubbled through for 45 min (using the lowest power 
settings on the ozone generator) monitoring the reaction by TLC until the starting material was 
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consumed. The reaction was then allowed to warm to 0 °C and Jones’ reagent (made by the general 
procedure using 2.33 g, 23.3 mmol, 1.5 equiv CrO3) added over 30 min (keeping the temperature ≤0 °C). 
The solvent was evaporated in vacuo from the resultant pale yellow solution with suspended green solid 
and the residue dissolved in H2O (400 mL) and extracted with Et2O (3×250 mL). The combined organic 
phases were dried (Na2SO4) and the solvent evaporated in vacuo to give a colourless oil. Purification by 
column chromatography (1% AcOH [50% EtOAc–petrol]) gave (S)-5-(benzyloxymethyl)-4-methylhex-5-
enoic acid 489 (2.23 g, 60% over 2 steps) as a colourless oil; data as previously reported. 
(S)-(5-(Benzyloxymethyl)-4-methylhexa-1,5-dienyloxy)(tert-butyl)dimethylsilane 488 
O
OBn OBn
TBDMSO
487 488
 
To a mixture of aldehyde 487 (1.50 g, 6.46 mmol, 1 equiv) and DBU (1.16 mL, 7.75 mmol, 1.2 equiv) in 
CH2Cl2 (75 mL) tert-butyldimethylsilyl chloride (1.07 g, 7.10 mmol, 1.1 equiv) was added. The mixture 
was stirred at 40 °C for 4 h. The solvent was removed in vacuo and the crude oil purified by column 
chromatography (using silica pre-washed with Et3N) (1→10% EtOAc–petrol) isolating (S)-(5-
(benzyloxymethyl)-4-methylhexa-1,5-dienyloxy)(tert-butyl)dimethylsilane 488 (2.20 g, 98%) as a 
colourless oil and as a 7:3 mixture of geometric isomers; Rf 0.71 (20% EtOAc–petrol); νmax (film) 3032, 
2956, 2929, 2858, 1660, 1454, 1363, 1255, 1165, 1088, 904, 839, 783, 734, 696, 673 cm−1; δH (400 MHz, 
CDCl3) 7.41-7.29 (5H, m, Ph), 6.27-6.21 (1H, m, CH=CH-OTBDMS), 5.15-5.12 (1H, m, C=CHH), 5.02-4.94 
(2H, m, TBDMSO-CH=CH and C=CHH), 4.55-4.52 (2H, m, Ph-CH2), 4.05 (2H, s, BnO-CH2 minor isomer), 
4.03 (2H, s, BnO-CH2 major isomer), 2.36-1.99 (3H, m, CH3-CH and CH3-CH-CH2), 1.11 (3H, d, J 7.0 Hz, CH-
CH3 minor isomer), 1.08 (3H, d, J 7.0 Hz, CH-CH3 major isomer), 0.96 (9H, s, 
tBu CH3 minor isomer), 0.95 
(9H, s, tBu CH3 major isomer),0.17-0.15 (6H, m, Si-CH3); δC (101 MHz, CDCl3) [150.5 (minor isomer), 150.3 
(major isomer), C=CH2], [141.1 (major isomer), 139.2, 138.6 (minor isomer), 138.5, ipso Ph and TBDMSO-
CH=CH], 128.6 (3° major isomer), 128.4 (3° minor isomer), 127.9 (3° major isomer), 127.7 (3° minor 
isomer), 127.5 (para Ph major isomer), 127.5 (para Ph minor isomer), [110.7 (major isomer), 110.3 
(minor isomer), 109.5 (major isomer), 108.4 (minor isomer), TBDMSO-CH=CH and CH2=C], [72.5 (major 
isomer), 72.4 (minor isomer), 72.0 (both isomers), 2×O-CH2], [37.2, 36.7, 33.4, 29.5, CH3-CH-CH2], [25.8 
(major isomer), 25.7 (minor isomer), tBu CH3], [19.4, 19.1, CH-CH3], [-5.2 (major isomer), -5.3 (minor 
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isomer), Si-CH3]; m/z (CI) 364 [M+NH4]
+, 347 [M+H]+, 215 (Found: [M+H]+, 347.2404. C21H34O2Si requires 
[M+H]+, 347.2406). 
(S)-4-(Benzyloxymethyl)-3-methylpent-4-en-1-ol 478 
 
The silyl enol ether 488 (2.00 g, 5.77 mmol, 1 equiv) was dissolved in CH2Cl2 (150 mL) and cooled to −78 
°C. O2 was bubbled through for 10 min then O2/O3 (ozone generator on lowest power setting) for 24 min 
(until consumption of starting material by TLC). The mixture was then allowed to warm to rt and diluted 
with EtOH (100 mL). Powdered NaBH4 (437 mg, 11.5 mmol, 2 equiv) was added portionwise over 5 min 
and the mixture stirred at rt for 2 h. The reaction was quenched cautiously with HCl(aq) (2 M, 150 mL). 
The mixture was extracted with CH2Cl2 (3×100 mL) and the combined organic phases were dried 
(MgSO4) and the solvent evaporated in vacuo. Purification of the crude by column chromatography 
(10→20% EtOAc–petrol) gave (S)-4-(benzyloxymethyl)-3-methylpent-4-en-1-ol 478 (833 mg, 66%) as a 
colourless oil; [α]D
21 +11 (c 1.0, CHCl3); other data in agreement with the racemate above rac-478. 
3.10. Nucleophile Synthesis and Coupling 
 
(R)-(+)-Menthyl p-toluenesulfinate 496224 
 
To stirred thionyl chloride (253 g, 213 mmol, 3.4 equiv), sodium p-toluenesulfinate 192 (111 g, 625 
mmol, 1 equiv) was added over 1 h at 0 °C. After stirring for 6 days at rt the excess thionyl chloride was 
removed by azeotropic distillation with benzene (3×120 mL). This mixture was diluted with CH2Cl2 (400 
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mL) then cooled to 0 °C and added to a solution of (+)-menthol 497 (93.0 g, 595 mmol, 0.95 equiv) in 
pyridine (150 mL) at 0 °C over 1 h. The mixture was then stirred at rt for 2 h. Then H2O (400 mL), HCl(aq) 
(2 M, 200 mL) and CH2Cl2 (200 mL) were added. Separation of the organic layer then extraction of the 
aqueous with CH2Cl2 (3×100 mL) followed by washing the combined organic phases with HCl(aq) (2 M, 
3×200 mL), H2O (200 mL) and brine (200 mL) gave the crude pale yellow product after removal of the 
solvent in vacuo. The product was diluted with Et2O (100 mL) and petrol (100 mL) and cooled o/n at 4 °C. 
Filtration then recrystallisation from Et2O afforded the less soluble isomer 496 (40.2 g, 23%) as a 
colourless crystalline solid (mp 103–105 °C, Et2O; lit.
224 105–106 °C, acetone [for the enantiomer]); Rf 
0.46 (20% EtOAc–petrol); [α]D
21 +202 (c 2.05, acetone); lit.224 [α]D
25 -199.4 (c 1.5, acetone [for the 
enantiomer]); νmax (film) 2956, 2922, 2866, 1595, 1493, 1452, 1388, 1265, 1180, 1132, 1080, 1007, 955, 
916, 854, 822, 739, 629, 571 cm−1; δH (400 MHz, CDCl3) 7.61 (2H, d, J 8.0 Hz, ortho Tol), 7.33 (2H, d, J 8.0 
Hz, meta Tol), 4.13 (1H, td, J 11.0, 4.5 Hz, O-CH), 2.42 (3H, s, Tol CH3), [2.33-2.25 (1H, m), 2.15 (1H, dtd, J 
14.0, 7.0, 2.5 Hz), 1.73-1.65 (2H, m), 1.57-1.42 (1H, m), 1.41-1.32 (1H, m), 1.23 (1H, dd, J 23.5, 12.1 Hz), 
1.11-0.99 (1H, m), 0.93-0.82 (1H, m), other menthyl H], 0.97 (3H, d, J 6.5 Hz, iPr CH3), 0.88 (3H, d, J 7.0 
Hz, iPr CH3), 0.73 (3H, d, J 7.0 Hz, CH2-CH-CH3); δC (101 MHz, CDCl3) 143.2 (4°), 142.4 (4°), 129.6 (3°), 
125.0 (3°), 80.1 (O-CH), 47.8, 42.9, 34.0, 31.7, 25.2, 23.1, 22.1, 21.5, 20.9, 15.5; m/z (CI) 606 [2M+NH4]
+, 
589 [2M+H]+, 312 [M+NH4]
+, 295 [M+H]+ (Found: [M+H]+, 295.1726. C17H26O2S requires [M+H]
+, 
295.1732); in agreement with previously reported spectroscopic data for the enantiomer. 
2-Bromocyclopent-2-en-1-one 501188 
 
2-Cyclopentenone 500 (25.0 g, 305 mmol, 1 equiv) was dissolved in CH2Cl2 (200 mL) and cooled to 0 °C. 
A solution of bromine (53.5 g, 335 mmol, 1.1 equiv) in CH2Cl2 (200 mL) was added dropwise over 1 h 
maintaining the temperature at 0 °C. After a further 30 min stirring triethylamine (59.6 mL, 457 mmol, 
1.5 equiv) in CH2Cl2 (200 mL) was added dropwise over 45 min generating a white precipitate. The 
mixture was then allowed to warm to rt and stirred for 2.5 h. The mixture was then filtered and the 
precipitate washed with CH2Cl2 (200 mL) until colourless. The filtrate was then washed with HCl(aq) (2 M, 
2×200 mL), sat. NaHCO3(aq) (200 mL), H2O (200 mL) and finally sat. NaCl(aq) (200 mL). The organic layer 
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was then concentrated in vacuo to a black oil. Purification by vacuum distillation gave 2-
bromocyclopent-2-en-1-one 501 (36.7 g, 75 %) a colourless solid (mp 39–40 °C; lit.225 39 °C); Rf 0.21 (20% 
EtOAc–petrol); δH (400 MHz, CDCl3) 7.79 (1H, t, J 3.0 Hz, C=CH), 2.74-2.65 (2H, m, O=C-CH2), 2.56-2.48 
(2H, m, C=C-CH2); δC (101 MHz, CDCl3) 201.8 (C=O), 162.0 (O=C-C=C), 126.2 (O=C-C=C), 32.4 (O=C-CH2), 
28.1 (C=C-CH2); in agreement with previously reported spectroscopic data.  
6-Bromo-1,4-dioxaspiro[4.4]non-6-ene 499188 
 
The bromo ketone 501 (22.0 g, 137 mmol, 1 equiv) and ethylene glycol (21.8 g, 351 mmol, 2.6 equiv) 
were mixed in benzene (1.5 L) and TsOH (60 mg) added. The mixture was heated under reflux with a 
Dean–Stark head for 70 h (with periodic removal of the collected H2O). The mixture was then allowed to 
cool, filtered through Celite (washing through with more benzene) and the solvent removed in vacuo to 
give crude 6-bromo-1,4-dioxaspiro[4.4]non-6-ene 499 (27.6 g, 98%) as a pale brown liquid. Attempted 
purification by vacuum distillation resulted in a product of similar purity that rapidly decomposed on 
standing (the crude product was used subsequently); Rf 0.48 (20% EtOAc–petrol); δH (400 MHz, CDCl3) 
6.16 (1H, t, J 2.5 Hz, C=CH), 4.22-4.13 (2H, m O-CHH-CHH), 4.02-3.92 (2H, m, O-CHH-CHH), 2.38-2.33 (2H, 
m, C=C-CH2), 2.18-2.13 (2H, m, C=C-CH2-CH2); δC (101 MHz, CDCl3) 136.5 (O-C-O), 123.9 (Br-C=CH), 117.4 
(Br-C), 65.8 (O-CH2), 34.3 (O-C-CH2), 28.6 (C=C-CH2); in agreement with previously reported 
spectroscopic data.  
(R)-6-(p-Tolylsulfinyl)-1,4-dioxaspiro[4.4]non-6-ene 502224 
 
To THF (50 mL) cooled to −78 °C n-BuLi (2.15 M in hexanes, 19.6 mL, 42.4 mmol, 1.1 equiv) was added 
over 10 min. After stirring for a further 10 min the bromo ketal 499 (7.87 g, 38.4 mmol, 1 equiv) was 
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added dropwise over 30 min. The mixture was stirred at −78 °C for 2 h. Concurrently the sulfinate 496 
(17.0 g, 57.6 mmol, 1.5 equiv) was dissolved in THF (320 mL) and cooled to −78 °C. The lithiated product 
from the first flask was then added portionwise via canula over 1 h. After stirring for a further 30 min 
the cooling bath was removed and sat. sodium dihydrogen phosphate(aq) (100 mL) added. The mixture 
was allowed to warm to rt then partitioned between H2O (300 mL) and CHCl3 (700 mL). The aqueous 
layer was extracted with CHCl3 (3×100 mL) and the combined organic phases dried (K2CO3) and the 
solvent removed in vacuo to give a viscous brown oil. Purification by column chromatography 
(Et2O→EtOAc) gave (R)-6-(p-tolylsulfinyl)-1,4-dioxaspiro[4.4]non-6-ene 502 (5.89 g, 65%) as a pale 
brown solid (mp 54–56 °C, Et2O–petrol; lit.
224 pale yellow oil [for the enantiomer]); Rf 0.39 (50% EtOAc–
petrol); δH (400 MHz, CDCl3) 7.59 (2H, d, J 8.0 Hz, ortho Tol), 7.30 (2H, d, J 8.0 Hz, meta Tol), 6.74 (1H, t, J 
2.5 Hz, C=CH), 3.94-3.67 (4H, m, O-CH2-CH2-O), 2.60-2.46 (2H, m, C=C-CH2), 2.42 (3H, s, Tol CH3), 2.27-
2.15 (2H, m, C=C-CH2-CH2); δC (101 MHz, CDCl3) 148.6 (4°), 142.6 (C=CH), 141.7 (4°), 140.5 (4°), 129.7 
(3°), 125.8 (3°), 118.3 (O-C-O), [65.4, 65.2, 2×O-CH2], 37.5 (O-C-CH2), 28.3 (C=CH-CH2), 21.5 (Tol CH3); m/z 
(CI the sample decomposed partially to 502 prior to measurement these signals are omitted) 529 
[2M+H]+, 265 [M+H]+; in agreement with previously reported spectroscopic data for the enantiomer.  
(R)-2-(p-Tolylsulfinyl)cyclopent-2-enone 503224 
S O
O
Tol
O
S
Tol
O O
502 503
 
The sulfinate 502 was dissolved in acetone (180 mL) and CuSO4 (60.0 g) added. The mixture was stirred 
vigorously for 5 days then filtered washing the solid with acetone (400 mL). The filtrate was then 
evaporated in vacuo to give a pale brown solid. The crude was then redissolved in a 1:1 mixture of Et2O 
and EtOAc and refiltered to remove the last of the copper salts. Recrystallisation (acetone–Et2O) gave 
(R)-2-(p-tolylsulfinyl)cyclopent-2-enone 503 (2.82 g, 63%) as a colourless solid (mp 119–121 °C, acetone–
Et2O; lit.
224 125–126 °C) and some product (0.95g, 21% same purity by NMR) as a brown solid (mp 119–
121 °C); Rf 0.33 (50% EtOAc–petrol); δH (400 MHz, CDCl3) 8.15 (1H, t, J 3.0 Hz, C=CH), 7.66 (2H, d, J 8.0 
Hz, ortho Tol), 7.30 (2H, d, J 8.0 Hz, meta Tol), [2.82 (1H, ddt, J 19.5, 7.0, 2.5 Hz), 2.71 (1H, ddt, J 19.5, 
7.0, 2.5 Hz), CH2], [2.59 (1H, ddd, J 19.5, 7.0, 2.5 Hz), 2.47 (1H, ddd, J 19.5, 7.0, 2.5 Hz), CH2], 2.38 (3H, s, 
Tol CH3); δC (101 MHz, CDCl3) 202.1 (C=O), 163.4 (C=CH), 151.8 (4°), 142.2 (4°), 139.2 (4°), 130.0 (3°), 
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125.0 (3°), [36.4, 27.5, 2×CH2], 21.5 (Tol CH3); m/z (CI) 458 [2M+NH4]
+, 441 [2M+H]+, 238 [M+NH4]
+, 221 
[M+H]+; in agreement with previously reported spectroscopic data for the enantiomer.  
(S)-3-Methyl-2-(p-tolylsulfinyl)cyclopentanone 504187 
S
Tol
O O
503
S
Tol
O O
504
H
 
To a mixture of MeMgCl (2 M in THF, 11.3 mL, 22.7 mmol, 2 equiv) in THF (44 mL), cooled to −78 °C, the 
enone 503 (2.50 g, 11.3 mmol, 1 equiv) was added dropwise in THF (22 mL) over 10 min. After stirring 
for 20 min the mixture was allowed to warm to 0 °C and quenched with HCl(aq) (2 M, 50 mL). The mixture 
was diluted with CH2Cl2 (125 mL) and the aqueous layer extracted with CH2Cl2 (3×25 mL). The combined 
organic phases were dried (MgSO4) and the solvent evaporated in vacuo to give a pale yellow oil. 
Purification by column chromatography (20% EtOAc–petrol) gave (S)-3-methyl-2-(p-
tolylsulfinyl)cyclopentanone 504 (2.46 g, 92%) as a colourless solid as a mixture of diastereoisomers 
(2.6:1); Rf 0.64 (20% EtOAc–petrol); 
Major diastereomer/ both: 7.52 (2H, d, J 8.0 Hz, ortho Tol), 7.35 (2H, d, J 8.0 Hz, meta Tol), 2.90 (1H, dd, 
J 7.5, 0.5 Hz, S-CH), 2.88-2.76 (1H, m, CH3-CH), 2.44 (3H, s, Tol CH3), 2.45-2.19 (2H, m, O=C-CH2), 1.64-
1.42 (2H, m, CH3-CH-CH2), 0.63 (3H, d, J 6.5 Hz, CH-CH3). 
Minor diastereoisomer: 7.48 (2H, d, J 8.0 Hz, ortho Tol), 3.27 (1H, d, J 7.5 Hz, S-CH), 2.77-2.67 (1H, m, 
CH3-CH), 1.28 (3H, d, J 7.0 Hz, CH-CH3). 
Major diastereoisomer/ both: 212.2 (C=O), 141.6, 138.1, 130.0, 124.1, 77.2, 39.2, 29.7, 27.8, 21.4, 20.6; 
Minor diastereoisomer: 129.8, 124.9, 75.2, 39.4, 31.9, 29.0, 21.1. 
m/z (CI) 490 [2M+NH4]
+, 473 [2M+H]+, 254 [M+NH4]
+, 237 [M+H]+ (Found: [M+H]+, 237.0943. C13H17O2S 
requires [M+H]+, 237.0949).  
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(S)-3-Methylhexanedioic acid 511191 
 
(S)-citronellol 483 (20.0 g, 128 mmol) was dissolved in acetone and cooled to −78 °C. The flask was 
purged with O2 for 10 min then O2/O3 for 2 h (on highest power setting) until a blue colour persisted in 
the solution. The flask was flushed with O2 for 10 min then the solution allowed to warm to −20 °C at 
which point Jones reagent was added dropwise over 45 min allowing the solution to warm to −10 °C. 
Upon addition of Jones reagent a green precipitate formed and addition continued until the liquid 
retained a red/orange colour. The solution was then stirred at rt for 1 h then the acetone evaporated in 
vacuo. The residue was diluted with H2O (800 mL) and extracted with Et2O (1×400 mL then 3×300 mL). 
The combined organic phases were then dried (Na2SO4) and the solvent removed in vacuo leaving (S)-3-
methylhexanedioic acid 511 (18.3 g, 89%) as a colourless solid (mp 77–78 °C, CHCl3; lit.
191 77–79 °C, 
CHCl3); [α]D
21 −8.0 (c 1.0, H2O); lit.
191 [α]D
20 −8.3 (c 1.0, H2O); νmax (film) 3082, 2964, 2935, 2881, 1709, 
1410, 1282, 1219, 1092, 947 cm−1; δH (400 MHz, CDCl3) 10.20 (2H, brs, OH), [2.52-2.31 (3H, m), 2.29-2.18 
(1H, dd, J 15.0, 8.0 Hz), 2.09-1.99 (1H, m), 1.83-1.72 (1H, m), 1.64-1.52 (1H, m), 3×CHH and CH-CH3], 0.95 
(3H, d, J 6.5 Hz, CH3); δC (101 MHz, CDCl3) [179.9, 179.1, 2×C=O], 41.2 (CH3-CH-CH2-CO2H), 31.7 (CH2), 
31.1 (CH2), 29.6 (CH), 19.3 (CH3); m/z (CI) 178 [M+NH4]
+ (Found: [M+NH4]
+, 178.1074. C7H12O4 requires 
[M+NH4]
+, 178.1079); in agreement with previously reported spectroscopic data.  
(S)-Dimethyl-3-methylhexanedioate 512226 
 
The diacid 511 (17.0 g, 106 mmol, 1 equiv) was dissolved in MeOH (244 mL) and conc. H2SO4(aq) (12.2 mL) 
was added. The solution was heated under reflux for 4 h. After cooling to rt the solution was partitioned 
between sat. NaHCO3(aq) (800 mL) and Et2O (400 mL). The aqueous layer was extracted with Et2O (3×300 
mL), the combined organic phases were dried (Na2SO4) and the solvent evaporated in vacuo giving (S)-
dimethyl-3-methylhexanedioate 512 (17.0 g, 85%) as a colourless oil; Rf 0.32 (20% EtOAc–petrol); [α]D
21 
−5.5 (c 2.0, CHCl3); lit.
227 [α]D
23 −2.5 (c 1.18, EtOH); νmax (film) 2956, 2877, 1739, 1439, 1369, 1263, 1200, 
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1173, 1093, 1011, 887, 837 cm−1; δH (400 MHz, CDCl3) 3.67 (6H, s, 2×O-CH3), [2.51-2.21 (3H, m), 2.21-
2.12 (1H, dd, J 14.5, 8.0 Hz), 2.05-1.93 (1H, m), 1.76-1.65 (1H, m), 1.60-1.48 (1H, m), 3×CHH and CH-CH3], 
0.95 (3H, d, J 7.0 Hz, CH-CH3); δC (101 MHz, CDCl3) [174.0, 173.2, 2×C=O], [51.6, 51.5, 2×O-CH3], 41.2 
(CH3-CH-CH2-CO2Me), 31.7 (CH2), 31.5 (CH2), 29.9 (CH), 19.3 (CH-CH3); m/z (CI) 206 [M+NH4]
+, 192, 189 
[M+H]+, 178 (Found: [M+H]+, 189.1121. C9H16O4 requires [M+H]
+, 189.1127); in agreement with 
previously reported spectroscopic data for the racemate. 
(S)-Methyl 4-methyl-2-oxocyclopentanecarboxylate 508 (as a mixture of diastereoisomers) and 
(1R,2S)-methyl 2-methyl-5-oxocyclopentanecarboxylate 510190 
 
Sodium (1.95 g, 85.0 g-atom, 2 equiv) was added to toluene (14.3 mL) and heated under reflux with 
vigorous stirring forming a dispersion of sodium. Following dilution with further toluene (57 mL) the 
diester 512 (8.00 g, 42.5 mmol, 1 equiv) was added at 70 °C in toluene (7.2 mL) followed by MeOH (12.8 
mL). The mixture was heated under reflux for 4 h then approximately half of the solvent was distilled off 
and the remainder allowed to cool to rt. Any remaining pieces of sodium were removed manually then 
the mixture acidified to pH 4 with HCl(aq) (1 M). The aqueous layer was extracted with Et2O (2×80 mL) 
and the combined organic phases washed with sat. NaHCO3(aq) (100 mL), dried (MgSO4) and the solvent 
removed in vacuo leaving a red oil (8.80 g). Purification by column chromatography (10% EtOAc–petrol) 
gave a mixture of the products 508 and 510 (3.79 g, 54%) as a pale yellow oil (three isomeric products 1 : 
1.05 : 1.49 by 1H NMR ~2.5 : 1 508 : 510); Rf 0.31 (20% EtOAc–petrol); νmax (film) 2958, 2875, 1757, 1728, 
1437, 1336, 1261, 1205, 1147, 1076, 1018, 889, 787 cm−1; δH (500 MHz, CDCl3) [3.65 (3H, s), 3.64 (3H, s), 
3.63 (3H, s), O-CH3 three isomers], [3.25-3.20 (1H, m), 3.14 (1H, dd, J 12.5, 8.0 Hz), O=C-CH of both 508 
isomers), 2.69 (1H, d, J 11.0 Hz, O=C-CH of 510), [2.54-2.04 (m), 1.90-1.71 (m), 1.45-1.35 (m), other CH 
and CH2 signals for all isomers (5H)], [1.09 (3H, d, J 6.5 Hz), 1.09 (3H, d, J 6.5 Hz), 1.02 (3H, d, J 6.5 Hz), 
CH-CH3 three isomers]; δC (126 MHz, CDCl3) [211.9, 211.7, 211.4, ketone C=O three isomers), [169.6, 
169.5, 169.4, ester C=O three isomers], 63.0, 56.3, 53.7, 52.5, 52.4, 52.4, 51.5, 46.5, 40.6, 38.8, 36.4, 
35.5, 35.0, 29.6, 29.3, [20.4, 19.9, 19.3, CH-CH3 three isomers]; m/z (CI) 174 [M+NH4]
+, 157 [M+H]+ 
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(Found: [M+NH4]
+, 174.1133. C8H12O3 requires [M+NH4]
+, 174.1130); in agreement with previously 
reported spectroscopic data.  
 (3R,4S)-Methyl 4-methyl-2-oxo-3-(3-phenylpropyl)cyclopentanecarboxylate 521 (as a mixture of 
diastereoisomers) and (1R,5S)-methyl 5-methyl-2-oxo-3-(3-phenylpropyl)cyclopentanecarboxylate 522 
(as a mixture of diastereoisomers) 
CO2Me
O
MeO2C
O
CO2Me
O MeO2C
O
508 510 521 522
Ph
Ph
 
To a suspension of sodium hydride (60% in mineral oil, 84.4 mg, 2.11 mmol, 1.1 equiv) in THF (1.5 mL) at 
0 °C the β-ketoester mixture (508 and 510, 300 mg, 1.92 mmol, 1 equiv) was added in THF (0.5 mL) 
dropwise over 2 min. After stirring for 5 min n-BuLi (2.2 M in hexanes, 0.918 mL, 2.02 mmol, 1.05 equiv) 
was added over 5 min. The mixture was stirred for a further 10 min, then DMPU (0.254 mL, 2.11 mmol, 
1.1 equiv) was added. The mixture was stirred for 10 min then the electrophile 1-iodo-3-phenylpropane 
505 (0.339 mL, 2.11 mmol, 1.1 equiv) was added dropwise over 5 min. The reaction mixture was then 
allowed to warm to rt and stirred for 3 h. The reaction was quenched with sat. NH4Cl(aq) (2 mL) and 
poured into a mixture of Et2O (10 mL) and sat. NH4Cl(aq) (20 mL). The layers were separated and the 
aqueous extracted with Et2O (2×10 mL). The combined organic phases were dried (MgSO4) and the 
solvent removed in vacuo to give a yellow liquid. Purification by column chromatography (2→10% 
EtOAc–petrol) gave the products mixture of 521 and 522 (186 mg, 35%) as a yellow oil; νmax (film) 3026, 
2935, 2870, 1738, 1659, 1601, 1496, 1452, 1336, 1259, 1203, 1030, 910, 750, 700 cm−1; δH (400 MHz, 
CDCl3) 7.31-7.15 (5H, m, Ar-H), [3.77, 3.76, 3.76, 3.75, 3.74, 3.74, 3.71, (3H, s, O-CH3 all isomers 
overlapping seven visible)], 3.38-3.11 (1H, m, O=C-CH-C=O of 521 ≥3 isomers), [2.58 (1H, d, J 9.5 Hz), 
2.79 (1H, d, J 11.5 Hz), 2.75 (1H, d, J 11.5 Hz), O=C-CH-C=O of 522 3 isomers visible], 2.71-0.80 (13H, m, 
other C-H); δC (101 MHz, CDCl3) [213.8, 213.3, 212.7, 212.7, 212.1, 212.1, 211.8, 211.5, C=O ketone], 
[170.0, 169.8, 169.8, 169.7, C=O ester] 142.1, 142.0, 142.0, 128.4, 128.3, 125.8, 125.8, 62.9, 62.8, 56.4, 
56.3, 56.2, 55.2, 54.3, 53.4, 52.4, 51.5, 50.5, 47.9, 46.4, 40.9, 38.7, 36.4, 36.1, 35.7, 35.5, 35.1, 34.5, 34.2, 
33.8, 33.7, 33.4, 32.6, 30.8, 30.4, 29.4, 29.3, 28.5, 28.5, 27.9, 27.4, 26.1, 24.5, 23.9, 23.3, 20.8, 20.3, 19.8, 
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19.8, 19.2, 17.5, 17.3, 14.9, 14.7, 14.1; m/z (CI) 292 [M+NH4]
+, 275 [M+H]+, 174 (Found: [M+H]+, 
275.1658. C17H22O3 requires [M+H]
+, 275.1647). 
(S)-4-(Benzyloxymethyl)-3-methylpent-4-enyl methanesulfonate 525 and (S)-((5-iodo-3-methyl-2-
methylenepentyloxy)methyl)benzene 467 
 
To a solution of the alcohol 478 (400 mg, 1.82 mmol, 1 equiv) and Et3N (0.405 mL, 2.91 mmol, 1.6 equiv) 
in CH2Cl2 (2 mL), cooled to 0 °C, mesyl chloride (0.169 mL, 2.18 mmol, 1.2 equiv) was added and the 
mixture stirred at rt for 2 h. The reaction mixture was poured into sat. NaHCO3(aq) (5 mL) and extracted 
with CH2Cl2 (3×3 mL). The combined organic phases were dried (Na2SO4) and the solvent removed in 
vacuo. The crude mesylate was then dissolved in acetone (8 mL) and NaI (2.73 g, 18.2 mmol, 10 equiv) 
was added. The mixture was then stirred for 4 h at rt, filtered through Celite and the solvent removed in 
vacuo. Purification by column chromatography (5→20% EtOAc–petrol) gave the products (S)-((5-iodo-3-
methyl-2-methylenepentyloxy)methyl)benzene 467 (202 mg, 34%) and (S)-4-(benzyloxymethyl)-3-
methylpent-4-enyl methanesulfonate 525 (196 mg, 36%) both as colourless oils. 
467: Rf 0.70 (20% EtOAc–petrol); νmax (film) 3030, 2962, 2927, 2856, 1720, 1639, 1496, 1452, 1365, 1236, 
1176, 1095, 1027, 908, 736, 693 cm−1; δH (400 MHz, CDCl3) 7.40-7.29 (5H, m, Ph), 5.18 (1H, d, J 1.5 Hz, 
C=CHH), 5.02 (1H, s, C=CHH), 4.54 (2H, s, Ph-CH2), 4.01 (2H, s, BnO-CH2), 3.25-3.14 (2H, m, I-CH2), 2.41 
(2H, sextet, J 7.0 Hz, CH3-CH), [2.11-2.01 (1H, m), 1.93-1.83 (1H, m), ICH2-CH2], 1.11 (3H, d, J 7.0 Hz, CH3); 
δC (101 MHz, CDCl3) 148.8 (4°), 138.2 (4°), 128.4 (3°), 127.6 (3°), 127.6 (para Ph), 111.9 (C=CH2), 72.2 (O-
CH2), 71.9 (O-CH2), [39.3, 38.0, CH3-CH-CH2], 19.3 (CH-CH3), 4.9 (I-CH2); m/z (CI) 348 [M+NH4]
+ (Found: 
[M+NH4]
+, 348.0827. C14H19IO requires [M+NH4]
+, 348.0824). 
525: Rf 0.25 (20% EtOAc–petrol); νmax (film) 3030, 2964, 2935, 2871, 1776, 1722, 1641, 1454, 1354, 1174, 
1107, 1095, 1028, 945, 897, 841, 810, 741, 700 cm−1; δH (400 MHz, CDCl3) 7.40-7.28 (5H, m, Ph), 5.18 
(1H, d, J 1.0 Hz, C=CHH), 5.01 (1H, s, C=CHH), 4.52 (2H, s, Ph-CH2), 4.30-4.19 (2H, m, MsO-CH2), 4.01 (2H, 
s, BnO-CH2), 2.94 (3H, s, Ms CH3), 2.46 (1H, sextet, J 7.0 Hz, CH3-CH), [2.03-1.91 (1H, m), 1.87-1.76 (1H, 
m), CH3-CH-CH2], 1.13 (3H, d, J 7.5 Hz, CH-CH3); δC (101 MHz, CDCl3) 148.9 (4°), 138.2 (4°), 128.4 (3°), 
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127.7 (2×3°), 112.3 (C=CH2), [72.3, 72.0, 68.6, 3×O-CH2], [37.2, 34.6, 33.5, S-CH3 and CH3-CH-CH2], 19.9 
(CH-CH3); m/z (ESI) 321 [M+Na]
+, 316 [M+NH4]
+, 299 [M+H]+, 258, 185 (Found: [M+H]+, 299.1318. 
C15H22O4S requires [M+H]
+, 299.1317). 
(4S)-Methyl 3-((S)-4-(benzyloxymethyl)-3-methylpent-4-enyl)-4-methyl-2-oxocyclopentanecarboxylate 
526 (as a mixture of diastereoisomers) and (5S)-methyl 3-((S)-4-(benzyloxymethyl)-3-methylpent-4-
enyl)-5-methyl-2-oxocyclopentanecarboxylate 527 (as a mixture of diastereoisomers) 
 
To a suspension of pre-washed sodium hydride (60% in mineral oil, 48.0 mg, 1.20 mmol, 2.2 equiv) in 
THF (0.5 mL) at 0 °C the β-ketoester mixture (508 and 510 170 mg, 1.09 mmol, 2 equiv) was added in 
THF (0.5 mL) over 2 min. The mixture was stirred for 1 h turning yellow. After cooling to −78 °C n-BuLi 
(2.2 M in hexanes, 0.52 mL, 1.14 mmol, 2.1 equiv) was added over 5 min forming an orange solution. 
The mixture was stirred for 10 min then DMPU (0.154 mL, 1.20 mmol, 2.2 equiv) was added and the 
mixture stirred for a further 30 min. The iodide 467 (180 mg, 0.545 mmol, 1 equiv) was then added in 
THF (0.5 mL) over 5 min and the solution stirred at rt for 7 h. The reaction mixture was then partitioned 
between sat. NH4Cl(aq) (10 mL) and Et2O (10 mL) and the aqueous layer extracted with Et2O (2×5 mL). The 
combined organic phases were then dried (MgSO4) and the solvent removed in vacuo. The crude yellow 
oil was purified by column chromatography (2→10 %EtOAc–petrol) isolating the desired product 
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mixture 526 with 527 (106 mg, 54%, ~1.5 : 1 in favour of 526) as a mixture of isomers and the other 
product/s (44.4 mg, 27% based on the structures 465 and 528) as a mixture of isomers.  
Possible 465 and 528 mixture: νmax (film) 2956, 2931, 2870, 1707, 1653, 1608, 1456, 1375, 1232, 1213, 
1097, 1074, 1028, 904, 735, 698 cm−1; δH (400 MHz, CDCl3) [14.00 (1H, brs), 13.66 (1H, brs), acid 
impurity?], 7.41-7.27 (5H, m, Ar-H), 5.16-5.09 (1H, m, C=CHH), 5.00-4.92 (1H, m, C=CHH), 4.56-4.48 (2H, 
m, O-CH2-Ph), 4.04-3.95 (2H, m, BnO-CH2), 3.86-0.76 (other C-H); δC (101 MHz, CDCl3) 207.03 (C=O 
ketone), 179.26 (C=O acid impurity?), 150.3, 150.1, 138.5, 128.4, 127.6, 127.5, 110.8, 110.7, 110.4, 72.0, 
57.7, 55.1, 48.4, 45.8, 43.7, 43.6, 37.6, 37.0, 37.0, 35.4, 34.9, 34.8, 34.3, 33.9, 33.2, 33.1, 32.8, 32.6, 32.5, 
30.6, 30.3, 30.1, 29.5, 29.5, 29.2, 27.8, 26.8, 25.6, 25.4, 25.3, 23.4, 23.3, 22.5, 22.2, 22.0, 21.0, 20.7, 20.3, 
20.1, 19.9, 19.7, 14.2, 13.9. 
526 and 527: νmax (film) 2956, 2931, 2870, 1753, 1728, 1652, 1456, 1436, 1338, 1257, 1236, 1157, 1120, 
1093, 1072, 1028, 906, 739, 698 cm−1; δH (400 MHz, CDCl3) 7.39-7.27 (5H, m, Ar-H), 5.12 (1H, s, C=CHH), 
4.96 (1H, s, C=CHH), 4.52 (2H, s, O-CH2-Ph), 4.00 (2H, s, BnO-CH2), [3.78, 3.77, 3.77, 3.76, 3.75, 3.73, 
seven overlapping singlets (seven isomers, 3H, s, O-CH3)], {3.39-3.10 (1H, m, O=C-CH-C=O of 526 ≥3 
isomers), [2.87 (1H, dd, J 10.0, 1.0 Hz), 2.80 (1H, d, J 11.0 Hz), 2.74 (1H, d, J 11.0 Hz), O=C-CH-C=O of 527 
≥3 isomers }, 2.71-0.79 (15H, m, other C-Hs all isomers); δC (101 MHz, CDCl3) [213.8, 213.3, 212.8, 212.8, 
C=O ketone], [170.3, 169.9, 169.7, 169.7, C=O ester] 150.2, 150.1, 138.4, 128.4, 127.6, 127.5, 111.0, 
110.9, 110.8, 72.2, 72.1, 63.0, 62.9, 56.5, 56.3, 55.3, 54.7, 53.4, 52.4, 52.4, 51.5, 50.5, 48.2, 46.4, 38.8, 
37.2, 37.1, 36.8, 36.6, 36.1, 35.5, 35.1, 35.0, 34.3, 34.1, 33.6, 33.4, 33.3, 33.0, 32.6, 32.1, 32.0, 30.8, 29.6, 
29.3, 28.7, 27.3, 25.7, 25.2, 22.7, 19.9, 19.8, 19.5, 19.3, 19.2, 19.1, 15.0, 14.1; m/z (ESI) 381 [M+Na]+, 376 
[M+NH4]
+, 359 [M+H]+ (Found: [M+H]+, 359.2229. C22H30O4 requires [M+H]
+, 359.2222). 
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